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I  have  been  born  on  the  lolh  day  of  Sep.,  iSlO,  in  the  village  of  Kil- 
more,  near  Castlekelly,  in  the  County  of  Galway,  Irelanii.  Mj-  mother, 
Ellen  Nolan,  danghter  of  Doctor  Nolan,  ivn'i  of  that  place,  and  my  father 
Michael  McDermott  was  fiom  Flaskagh,  near  Diinmore,  in  the  same 
County,  where  I  spent  my  early  years  at  n  villa.ge  scllool  tept  by  Mr. 
James  Kogers,  for  whom  I  have  .in  undying  love  through  life.  Of  him 
I  learned  .irilhmetic  and  some  bo(il< -keeping.  lie  read  arithmetic  of 
Cronan  and  Roacli,  in  the  County  of  Limerick.  'Iliey  excelled  in  iha: 
branch.  John  Gregory,  ICsi],,  Ibrmeily  Professor  of  ICngineering  and  Sur- 
veying in  Dublin;  but  now  of  Milwaukee,  read  of  Lronan,  ivbicli  I'liableil 
him  to  publish  his  "Philosophy  of  Arithmetic,"  a  work  never  equalled  by 
another.  Ky  it  one  can  solve  ijuadratic  and  cubic  equations,  the  diophan- 
tine  problems  Jinii  Eummalion  of  serie.';. 

After  having  l)een  long  enough  under  my  friend  Mr.  Rogers,  i  went  to 
Ibe  Clarenbiidgc  school,  kept  by  the  hrrKheis  of  St.  Patrick,  under  the 
patronage  of  the  good  laily  Reddmgton.  I  lived  with  a  family  named 
Neyland,  at  the  Weir,  about  two  miles  from  the  school,  where  1  hai!  a 
happy  home  on  the  se.T.-side.  'ilieie  I  read  algebra,  grammar,  and  book- 
keeping. After  being  nearly  a  year  in  that  abo<le  of  piety  and  learning,  1 
went  to  Mathew  Collin'^  Mathematical  school,  in  Lime  '  k  He  u  a  on 
^idered  then,  and  at  the  time  of  his  death,  (he  bes  ahena  an  n 
Europe.  His  currespondence  in  the  English  and  Ir  I  d  a  e^  o  a  he 
matics  proves  that  he  stood  first.  I  left  him  after  e  gh  mon  1  udy  ng 
geometry,  etc.,  and  went  to  Caslleircan,  near  Cah  onl  h  en  m  le 
from  I.iracrick,  where  I  entered  the  mathematical  h  1  k  p  by  M 
Thomas  McNamara,  familiarly  known  as  'Jom  Ma  and  Fa  h  f  \ 
on  account  of  his  superior  knowledge  of  algebra,  he  a  g  n  ally  kno  n 
by  the  name  of  "Father  of  X."    Of  him  I  read  al    1   a  and  y    g 

lived  with  a  gentleman  farmer— named  William  X  F  a    D    n 

keen,  about  one  and  one-half  miles  south-east  of  the  s  ho  1  M  M  had 
a  large  school,  exclusivjly  mathematical,  and  was  considered  the  best 
teacher  of  surveying.  After  being  with  him  nearly  a  year,  I  lefl  and  went 
to  Bansha,  four  miles  east  of  the  town  of  Tipperary.  Here  Mr.  Simon 
Cox,  an  unassuming  little  man,  had  the  largest  matheinalical  class  in  Ire- 
land, and  probably  in  the  world,  having  157  students,  gathered  from  every 
County  in  Irelanii,  and  some  from  England.  Like  Mr.  McNamara,  he  had 
special  branches  in  which  he  excelled;  these  were  the  use  of  the  globes, 
spherical  astronomy,  analytical  geometry,  and  fluxions.  The  differential 
•nd  integral  ealculus  were  then  slowly  gelting  into  the  schools.     1  lived 
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D  ByLonn,— then  a 
iloftbe<;ov- 
emmeiit  of  Triti.sh  America.  I  oiigEiged  as  tL-aclier  m  a  .school  in  A)Jnitr. 
nine  miles  from  l(;lon-n  (now  Oiiawn).  At  Ihe  end  of  my  term  of  thrte 
months,  1  joiiieil  John  SleNaughtoii,  Esi|.,  laud  surveyoi',  nnd  justice  of 
the  peace,  until  I  got  my  diploma  a^  Croviniial  l.iud  Surveyor  for  Upper 
Canada,  dated  December  l(>,  )84,5.  aud  my  <liph>ma  or  toinmii^siun  for 
Lower  Canaila,  dated  .Seplembcr  12,  1S44. 

I  spent  Illy  time  alxiul  eijually  dividetl  between  uiaking  sur\eys  for  the 
ilome  (Kriti^hJ  tiovermeiit  four  years,  and  the  I'rovincial  (jovernmenl,  ami 
private  eili?ens,  until  I  left  liytown  in  Sejitember,  1841),  having  llirown  up 
an  excellent  situation  on  the  Ordnance  De]xirtineiil.  I  never  can  foi«et 
the  happy  dajs  I  have  lieen  employed  on  olifnanee  .surveys  hi  Ireland, 

of  I.ienlennnls  While  and  King,  and  tlolonel  Thompson,  of  the  Royal 
I^ngillc^■r^.  hi  my  surveys  for  the  Provincial  Government  of  Canada,  1 
always  found  I[ou,  Andrew  Russell  and  Joseph  ISouciictte,  Smveyoi- 
(.ieneral.-,  and  'I'homas  Ilcvino,  ICsq.,  Head  of  Surveys,  my  warmest 
friends.  They  are  noiv— October  7,  i8;8— living  nt  ihc  head  of  their 
respective  old  I leparlmeiils,  having  lived  a  long  life  of  usefulness,  whicli 
I  hope  "'ill  be  prolonged.  To  Sir  William  I^jpm,  Prc)vinLinl  (leologist, 
I  am  indebted  for  mnch  inforiuatioii.  1  lived  nearly  eight  years  hi  t)llaiva, 
Canada,  where  my  fricn<ts  were  very  lumierour.  The  dearest  of  alt  to  me 
was  Alphanso  Wells  I'rovincLiI  hand  Surveyor,  wlio  was  the  best  sur- 
veyor I  ever  met.  He  had  beeu  .so  badly  frost-bitteu  on  a  Government 
survey  that  it  was  the  remote  cause  of  his  death. 

On  one  of  my  surveys,  far  North,  I  and  one  of  my  men  weie  badly  frost- 
bitten. He  diid  shortly  after  gelling  home.  I  lost  all  the  toes  of  iuy  left 
foot  and  seven  finj^'cis,  Itavhig  two  thumUs  and   the  .mall   finger  on  the 
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ngnt  (land.  After  the  ampiiu 
stiictly  temperate  habiti,  for  I 
uaicotic  weetl — tobacco. 

h\  Sept.,  1849,  I  left  the  Ordnance  Stin-ey,  near  KinKSton.  Having 
eurveyed  nboul  120  miJe'j  of  the  Rideau  Catial,  in  detail,  with  all  the  Gov- 
emmeiit  lands  belonjjing  to  it.  On  this  service  I  was  fonr  years  employed. 
I  came  to  the  City  of  Milivaukee,  September,  1849;  conld  lind  no  survey- 
ing (o  <J.i,  I  o]iened  a  school,  October  i,  Soon  gathered  a  good  class, 
which  rewarded  mc  very  well  for  my  lime  and  labor.  Here  I  made 
the  actjiiaintaiice  of  many  of  the  learned  and  nobie-hearlcd  ciliiens  of  the 
Cream  City — Milwaukee,  amongst  whom  I  have  found  the  popular  Doc- 
tots  Johnson  and  Ilubescliman;  T.  A.  LAI'HAM;  I'ofe>.tor  Buck;  Peters, 
tlie  celebrated  clock-maker;  liyron  Kilboiirne,  y,'^f[.;  Aldermen  Edward 
McGarry,  Moses  Neyland,  James  Kogers,  Koscbach,  FHrlong,  Dr.  Lake; 
John  Furlong,  etc.,  etc.  1  found  exi raord in aiy  friendship  from  all  Ameri- 
cans and  Germain,  a.s  iiell  as  Irishmen.  I  wa'i  appointed  or  elected  by 
(he  Cily  Council,  in  tlu'  following;  April,  as  City  Engineer,  for  1850  and 
part  of  1851.  I  n'as  reappointed  in  April,  1S51,  and  needed  but  one  vote 
of  Iwing  again  electeil  in  1852.  I  made  every  esertion  not  to  have  my 
name  broogllt  up  for  a  lllini  term,  because,  in  Milwaukee  ih;  correct  rule, 
"Rotation  in  office  hi  true  democracy,"  was  adhered  to.  In  acLoi;lance  with 
a  previous  engagement,  made  iviili  Vim.  Cli^her,  ICsq.,  many  years  City 
Surveyor  of  Chicago,  T  left  Milwaukee  with  regret,  and  joined  Mr.  Clog- 
her,  as  partner,  in  A]iril,  1852,  immediately  after  ihe  Mil«-aukee  election. 
Worked  tc^elher  for  one  year,  and  thcti  pitched  my  tent  here  since,  where 
I  have  been  elected  City  Survej'or,  Cily  Supervisor,  and  had  a  hand  in  al- 
most if  not  all  the  disputed  surveys  that  look  place  here  since  that  lime. 

[  haie  attended  one  course  of  lectures  on  chemisiry,  in  Ipswich,  Eng- 
land, in  1840,  and  two  courses  at  Rush  Medical  College,  under  the  late 
I'rof.  J.  \".  /,.  lUaney,  and  two  under  Dr.  Mahia,  on  chemistry  and  phar- 
macy. Ey  lliese  means,  1  believe  that  I  have  given  as  much  011  the  sub- 
jifCt  of  analysi:-  as  will  enable  the  surveyor  or  engineer,  after  a  few  days 
.-iplilicalion,  to  determine  the  quality  and  approximate  ([uanlily  r)f  metal  in 
any  ore.  To  the  late  Sir  Kichard  Griffith,  I  am  indebtei!  for  his  "  Manual 
of  Instructions,"  which  he  had  the  kindness  lo  send  me,  May  23,  1861. 
He  died  Sept.  22,  1S7S,  at  the  advanced  age  of  94  years;  being  the  last 
Iti.^hman  who  held  office  under  the  Irl.?li  Government,  before  the  Union 
with  England.  He  was  in  active  ser\^ee  as  svirveyor,  civil  engineei-,  and 
land  valuator  almost  lo  the  day  of  his  ileath. 

The  principles  of  geometry  and  Irigonomelry  are  well  selected  for  useful 
njiplications.     Tlie  sections  on  railroads,  canals,  raihvay  curves,  and  tables 

The  Canada  and  United  Stale*  methods  of  surveying  are  given  in  detail, 
and  illustrated  with  diagrams.  Sir  Richard  Griffith'^  system  of  valuation 
on  the  British  Ordnance  Survey,  and  the  varioiu  decisions  of  the  Supreme 
Courts  of  tlie  "linked  Stales  are  very  numerous,  and  have  been  sometimes 
used  in  tlic  (rhicngo  Courts  as  authority  in  surveys.  Hydraulics,  and  the 
sections  on  building  wails,  dams,  roofs,  etc.,  are  extensive,  original,  and 
comprehensive.  The  sections  and  drawings  of  many  bridges  and  tunnels 
are  well  selected,  and  their  properties  e.xamincd  and  defined.  The  tables 
of  sine^  and  tangents  nre  in  a  new  form,  with  guide  lines  at  every  five  miu- 
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minutes.  The  traverse  table  is  original,  and  conlains  88  juges,  giviiii; 
latitude  and  departures  for  every  miniile  of  four  places,  and  decimals, 
and  for  every  number  of  chains  and  Ihiks.  The  North  and  South  polar 
tables  are  the  results  of  great  labor  and  time.  The  table  of  coutenls  J.. 
full  and  explicit.  1  believe  the  surveyors,  engineers,  valuators,  archilecli, 
lawyers,  miners,  navigators,  and  astronomers  will  find  the  work  instructivir. 

I  commenced  my  traverse  table,  the  first  of  my  Manual,  on  the  1 5llt  or 
October,  1833,  and  completed  my  work  on  the  8th  of  October,  1S78. 

The  oldest  traverse  table  I  have  seen  was  published  by  D'Bui^h,  Sur- 
veyor General,  in  Ireland,  iu  1723,  but  only  to  <)uarlcr  degrees  and  one 
chain  dbtance.  The  next  is  Ihat  by  lienjamin  Noble,  of  Hallinakil,  Ire- 
land, entitled  "Geodesia  Ilibernica,"  printed  in  1768,  iiere  to  ^  degrees 
and  50  cliains.  The  next,  by  Harding,  were  to  X  degrees  and  loo  chain-. 
In  my  early  days,  these  were  scarce  and  expensive;  that  by  Harding,  sjkl 
at  two  pounds  two  shillings  Sterling,  (about  $10.50). 

Gibson's  tables,  ,so  well  known,  are  but  lu  X  degrees  and  one  chain 

'ITiose  by  the  late  lamented  Gillespie,  were  but  to  X  degrees,  llirce 
places  of  decimals,  and  for  I  to  9  chains.  Hence  appears  the  value  of  my 
new  traverse  tabic,  which  is  to  every  minute,  aud  can  be  used  for  any 
required  distances. 

Noble  gave  the  following  on  his  title-page :  "  Ve  shall  do  no  unright- 
eousness in  meteyird,  in  weight,  or  in  measure."  Leviticus,  chap,  six,  35; 
"Cursed  be  he  that  removeth  his  neighbor's  landmark."     Deuteronomy. 

I  lost  thirly-lwo  pages  of  the  present  edition  oS,  1000  copies  in  the  great 
Chicago  fire,  Oct.  9th  and  JOlh,  1871,  with  my  type  and  engravings;  thi- 
.■aused  sonid  expense  and  delay. 

The  Manual  has  524  pages,  strongly  bound,  leather  back  and  corners 
MICH'D  McDERMOTT. 
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How  to  prove  that  all  the  interior  angles  of  the  survey  are  cuirect, . .    2I» 

To  reduce  interior  angles  to  quarter  cora])avs  hearings, 204 

To  reduce  circnmferentor  or  compass  lieorings  to  tiiose  of  the  quarter 

compass, 214 

How  to  take  a  traverse  survey  by  the  English  Onlnamc  Survey 

method, 2'fi 

De  Burgh's  method  known  in  America  as  tbe  Pennsylvania!!,   21T 

Table  to  change  circnmferentor  to  quarter  compass  bearings,   21S 

To  find  the  Northings  and  Southmgs,  Eastings  and  Westings,   by 

"" '        It  any  point, 210 
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Inacccisible  distances  where  the  line  partly  oiontirely  is  inaccessible,  '^^l 
'Hiis  embraces  fourteen  cases,  or  all  that  can  possibly  be  met  in  practice. 

I'Yom  a  given  point  i'  to  find  the  distances  1' A,  I'  ii,  I' C, 

in  the  Irian^le  A  I!  C,  wliose  sides  A  II,  Ji  C,  and  C  Dure  given, 
this  emliraces  tliree  possible  positions  of  the  oiisei  ver  it  i',   2;iN 

I'l-cipcrtifs  uf  suherieal  triangles.     Page  72jj'y, li-iTi 

SolHtiii"  iif  rij;lLt  angled  spherical  triangles, '.Ui2 

Napier's  rules  for  cireulav  parts,  ivitli  a  table  and  eNaiii]ile., ;i(iS 

Huadrantal  splierical  trianglea, OtH 

Oblique  angled  spherical  triangle?, . . 


ental  formula  appIicabTe  to  all  sphurii: 
"  ig  Mdes  and  angles  in  every 


i^  for  finding  •! 


lions  and  general  properties  cif  refraction,  jiarall 

lutli,  refraction  in  allitnde,  etc,  etc., 

.vlieii  a  heavenly  body  will  pass  the  meridian, . . 

.vlieii  it  will  be  at  its  greatest  aaimutli, 

lie  altitude  at  this  time, 

'  sariation  of  tbecom]>n.«5  by  an  a^^imuth  of  a 


itnde  by  s  double  altitude  of  tlie  si 

>r  any  circunipolar  ,it 


I'iiul  latitude  by  the  ]iole  star  at  any  !i< 

ICrrors  respecting  jHilarisaml  alioth  iu  Ursaniajorii  when  i.n  the  same 

vei  licsl  plane.      (Xote,) 38!! 

I-ctters  to  the  I'.ritish  and  American  .Nautical  Kphemcris  offices, SS'.l 

ApiiUtation  and  examples  for  Dbscrvatory  House,  corner  of  'iwenlv- 

sixth  and  Ilalsteil streets,  Chica™,     ]^t.  41',  50',  :10".     I-ong,  87''. 

:ii'.r,\\-., .....: Sit 

Kemarkable  proof  of  a  Supreme  Being.     I'age  T2l["i4, 38li 

True  time;  how  determined;  example, 387 

True  lime  l>y  enual  altitudes;  example,     rage  72n'2.i,   HVI) 

True  time  by  a  horizontal  suudial,  shoiviag  how  to  construct  one,  . .  ,300" 

longitude,  (lifference  of, Mfti 

l^nj,-itude  liy  the  electric  telegraph :i!l  i 

l.ongitHdc;    how  determined  for    (Quebec    and   Chicago,   by  Col. 

liraliam,  U.  S.  Engineer.    '. 3!l;l 

Ixjngitiide  by  the  heLostat.     I'age  '.Hii'SO, 3i)3a 

l^ngituile  !»j  the  Drummonil  liyht  and  mouneiilmiiialing  stars, 3iM 

l.ongitude  by  lunar  distances;  Voung's  method  and  example, -UTt 

Reduction  to  the  centre,  that  is  reducing  the  angle  taken  near  the 

point  of  a  spire  or  comer  of  a  public  budding,  to  that  if  taken  from 

the  centre  of  these  iminta ;  by  two  methods, "244 

Inaccessible  heights.     When  the  line  A  1!  is  horiiontal, 24(1 

When  the  ground  is  sloping  or  inclined,  three  methods, -40 


Methods  of.     Sec.  213  to  '217  and 2.V) 

To  find  meridian  distances, 237 

Method  I.      Ke^in  with  the  sum  of  all  Lh.;  ICasl  dcpartiirts 2i>S 

Mellioil  II.     First  meridian  pass  through  the  mast  Weslerly  station, .  23!) 
Method  III.     First  meridian  pass  through  the  most  Norllierly  station,  300 

Offsets  and  inlets,  calculation  of, 2()1 

( inlnance  method  of  keeping  fieUl-books, 02 

Supplying  lost  line-' and  lieariiiKs.     (Kour  ta-ses.) 2B3 

Vo  find  the  mo^t  Wc^iteily  station, 204 

'lo  calculate  an  extensive  survey  where  (he  first  meridian  is  made 
a  ba.se  line,  at  each  end  of  which  a  station  is  made,  and  calculated 
by  the  third  method, 204 


Who  ai-e  entilled  lo  survey, 301 
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Map?  of  town>,  lioiv  iiiaile  lo  be  of  evidence, 304 

[low  side  lines  nre  to  lie  r.in.      I'age  72iv,  in  townships,   302 

I  low  side  lilies  in  sei5,Tiorie,-..     Page  72iv,  in  township,-;, Wa 

Where  Ihe  originnl  piB.l-i  or  stakes  are  IotI,  law  to  establish, 30ti 

Ci^w/mr.— Variation  of  examples.     3i4h  and ii(Ma 

i''ind  at  what  time  polaris  or  any  other  star  will  l>e  at  its  i^rentc-l: 

azimuth  or  elongalion, 2(i41) 

Fmd  itn  greatest  u.j;iinuth  or  elon«;aliiin, 2C4c 

l''in J  its  altitude  at  the  Bbo\-e  time, ■264d 

Find  wiien  (njlaris  or  any  other  star  culminate  or  p;i-..  iI?l>  niuiidi.iii,  .264e 

IC\ample  for  altitude  and  aziniutb  in  the  above 26!f 

How  to  hnow  when  ]>olari^  is  above,  beloiv,   I'a.t  or  West  of  tlie 

inie  poie, 2«4|: 

IJow  to  establish  a  meridian  line.     I'ase  71, 204h 

'I'll  lijiht  or  ilhime  the  cio.ia  hairs, 2n.> 


ha- 


"■indom  and  ti 


In.suparable  obstauius,  witness  points, 

Limits  in  eiosin;;  on  navi^ble  waters  and  towi 

Meandering  of  navi^ble  streams, 

Trees  are  marlteil  for  line,  aiiii  bearing  trees,  . 
'rnwiisliip  section  corners,  witness  mounds,  etc 

Comets  LMid  distances  to  witness  points,  

Melliod  i.f  l;Kq.in-  field  notes 

Lint-  cri>s.inj;  a  navijjable  river,  how  deicniiiii 

Meanderiiij;  notes, 

I  -ost  (ximers,  how  to  restore, 

I'resent  sulidivision  of  hcctions, 

(Government  platii  or  maps,  . 


rveys 
Kstablishiii 


of  V 


Jo.-,t 


S  tom 


.   :tOO 
.  ,^00 


ivkvim:.     I'agc  72ii*3J. 
IJase  line  ant!  primary  triangles,  secondary  triangles.     How  triangles 
are  best  sulxlivided  for  detail  ami  cheeked.     Method  of  keeping 
field-books.     When  thereare  wood  traverse  surveying.    To  protract 

tile  angles,  ordnance  method, ' .tflli 

Method  of  protraction  by  a  table  of  tangents,  etc 401 

riottingi  McDermott's  method,  using  two  scales, 412 

I'^inishing  the  ]ilan  or  map,  and  coloring  for  various  States  of  cultiva- 
tion   4l:i 

Ktgistereii  sheets  for  contents, 402 

Computation  by  scale, 403 

l.ontouring,  field-worli,  final  c.\  am  in  at  ion, 41 1 

nmsioN  ill'  lAS'u.    403a. 
Area  cut  off  by  a  line  drawn  from  a  given  point,  405.     liy  a  line 
parallel  to  one  of  its  sides,  40  f.     i!y  a  line  at  a  given  angle  lo  one 

of  its  Bides,  40e 40 ! 

l"rom  a  given  point  I'  within  a  given  figure  to  draw  a  line  cutting  off 


From  a  gii-en  triangle  to  cut  off  a  g 
a  given  point 

'IVi  divide  any  quadrilateral  figure 
4(W,  continued  in  4P!la, 


a.  by  a  line  drawn  through 


any  number  of  equal  parts, 
4 
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By  McDermolt's  method, 415 

Hy  barometrical  observations, 41(> 

I'able  fcir  barometrical.     Tables  416  aini  417, 41" 

Knample  by  Colonel  Frome 418 

By  boiling  water.      Tables  A  and  B, 4i;» 


Additional,    and    corrections,  j:;eodetical   jiiR<ipriidci>ci?,   laying;  out 

curves,  canits,  corrections  of  D'Arcy's  formula 421 

GEODKTJCAL  JURISPRUDENCE. 

United  States  laws  respecting  the  surveyini;  of  the  public  Ltnds, 300ii 

Supreme  court  decisions  of  land  cases  of  tlie  State  of  Alabama, 307 

Supreme  court  decisions  of  land  cases  of  the  States  of  Kentucky  ajid 

Illinois 30;t 

Various  supreme  court  decisions  of  several  Stales  on  boundary  lines, 
highw*^,  water  courses,  accretion  and  alluvion,  309i-,  highways, 

:.09rf,  backwater.  Page  72b5,  30ftf,  up  to  date 309a 

I'ouds  and  lakes 3..9b 

New  streets  (continued  421).    Page  72ui0, 3„9(/ 

Act  of  Parliament  in  reference  to, 309/ 

Average  prices  of  farm  produce,  and  price  of  lii  e  weights,   309/ 

Ijnds  and  buildings  for  scientific,  charitable,  or  public  purposes,  how 

valued, SO!*;' 

Hcld-book,  nature  and  quolilical ion  of  soils.     30f>f  and  309//, 30''^ 

Calcareous  and  peaty  soils.     309i  and  309/, 309/ 

Von  Thaer"*  classification  of  soils,  table  of, 300™ 

Classification  of  soils  with  reference  to  their  value, SOflii 

Tables  of  produce,  and  scale  for  arable  land  and  pasture.  309f,  309/,  300/ 
Fattening,  superior  finishing  land,  dwry  pasture,  store  pasture,  land 

in  medium  situation  aad  local  circumstances 309r 

Manure,  market,  condition  of  land  in  reference  to  trees  and  plants,  309s 

Mines,  Tolls,  Fishenes,  Railway  waste 310 

Valuation  of  buildings,  classification  of  same,  niensurenient  uf, 310a 

.Modifying  circumstances 31fe 

Valuation  in  cities  and  towns, 310/ 

(Jomparative  value, 310^ 


Horse' power,  modulus  of,  for  overshot  wheels, 3IQ(' 

Form  of  field-book  for  water  wheels,  head  of  water,  etc 310*  lo  Z\6l 

Overshot,  undershot,  and  turbine  wheels, 3I('^ 

Valuation  of  water  power,  modifying  circumstances, 310wi  to  3I0/i 

Horse  power  determined  from  the  machinery  driven, 310c 

Beelling  and  flour  milk.     Mills  in  Chic^o,  note  on, 310^ 

Valuator's  field-book,  form  of,   used  on  the  OMnance  valuation  of 

Ireland, 310i  to  SlOr.' 

Valuation  of  slated  houses,   tliatched  houses,    country  and  towns. 

Tables  I  to  V, 310-^  to  310a 

Geolc^ical  formation  of  the  earth.     Table,  72b52, 3I0it 

Rocks,  quarts,  silica,  sand,  alumnia,  potash,  lime,  soda,  magnesia, 
felspar,  albite,  labradorile,  mica,  porphyritic,  hornblende,  augiie, 
gneiss,  porphyritic,  gneiss,  protogine,  serpentine,  syenite,  por- 
pllyritic  granitoid,  talc,  steatite  or  soapstone,  limestones,  impure 
carbonate  of  lime,  Fonlainbleau  do.,  tala,  malaclile  satin  spar,  car- 
bonate of  magnesia  or  dolomite, 310l' 

Sir  IVilliam  Ij)gaH's  report  on  six  specimens  of  dolomite, SIOi: 

Magnesian  mortars.     Paee  72b66 _ .310c 

Limestones,  cementi  used  in  Paris,  artificial  cements,  plaster  of  Paris, 

water  lime,  water  cement,  building  stones.     Page  ^^1^B5G, 310<: 

Sands  (various!.  Fuller's  earth,  clay  for  brick,  potter's,  pipe,  fire  brick, 

marl,  chalk  marl,  shellj^  and  slaty  marl.     Page72n57 310c 

Table  of  rocks,  composition  of  3lOc,  composLtion  of  grasses 310i» 

Table  of  rocks,  composition  of  trees  weeds,  and  plants. .310e 
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Composition  of  grains,  straivs,  vegetables,  and  legume.:, 3I0i'' 

Analysis  and  composition  of  the  ashes  of  miscellaneous  articles, 310o 

Analysis  and  percentage  of  water,   nitrogen,   phosphoric    acid    in 

manures, _, 3  Ol 

Sewage  manure.     Opposition  to  draining  into  rivers 3I0j 


Including  antimony,  arsenic,  bismuth,  cobalt,  copper,  nickel,  zinc, 
manganese,  platmum,  gold,  silver,  mercury,  lead,  nnil  iron,  with 
all  the  varieties  of  eacli  metal,   where  found,    il->  lii-,tre,   fi'auiuie, 

specific  gravity,  etc, 310k. 

Selid  bodits,  examination  of  310l.     By  I)low-i)i]ic, 3I0/« 

^letallic  substances.     Qualitative  analysis  of, .^IOn 

Metallic  substances.     (Quantitative  analysis, 3I0i> 

Tai/e— Of  symbolH,  equivalents,  and  comi^iundj, 310i' 

TaS/e — Action  of  reagenls  on  metallic  oxides, SlOi,' 

TiiWr— -Analysis  of  various  soils, 310r 

Analysis  of  soils,  how  nioile 310.> 

Analysis  of  magnesiaii  limestone SlOr 

Analysis  of  iron  pyrites SlOtr 

Analyas  of  copper  pyrites,  310)/,  zinc,  3IOw, .;(IOii  to  3t0w 

To  separate  gold,  silver,  copper,  lead,  antimony, 310x 

To  separate  lead,  and  bismuth.     I'age  T-B94, 3IOx 

To  determine  mercury,  31lh",  tin,  3lO.     I'age  72ll3j, 3.0v 


Hydraulic  mean  depth  ol  a  rectangular  water  course  of  a  circle,  .... 

Tarabolic  viewer,  134.  Table  showing  hydraulic  mean  deptbii  or]Ura- 
bolic  and  circular  sewers,  each  having  the  same  iectional  areas 1 

ICgg-shaped  sewer,  its  comitniction  and  projierties I 

Rectilineal  water  courses,  144.  Best  form  of  conduits,  iiicludii^  cir- 
cular, rectangular,  triangular,  parabolic,  and  rectilineal, ] 

Table  of  rectilineal  cliannds,  where  a  given  sectional  area  is  enclosed 
by  the  least  perimeter,  or  surface  in  contact, 1 

A  table  of  natural  slopes  and  formulas, I 

Estimating  the  density  of  water,  mineral,  saline,  sulphurous,  chaly- 

BousiNGAtlLT's  remarks  on  potable  water.     I'age  T-'ii'J.', :ll 

'      '  ■      IS  with  water, . 


■iupply  of  t» 
ioiid  mattei 


le  of  the  principal  places.     I'age  T2iiOT,  . 


Annual  rain  fall  in  various  places  and  countricf^  3)0.4' 

Daily  supply  in  various  cities, 310 

Conduits,  or  supply  mains, SlOii* 

Discharge  throw  pipes,  and  orilices  under  pressure, 3iOc'' 

Vena  contract*  and  coeffidenC  m  of  contraction.     P.  72nlOO,  .310c* 

Adjutages,  experiments  by  Michellotti  Weisbach.     P.  73nlOI, 310c* 

Orifices  with  cylindrical  and  conicnl  adjutages, 310i>*' 

Table — Angles  of  convergence,  discharKCi  *ni  velocity, 31111)° 

Table— Bladttt-ill's  coefficient  for  overfall  weirs.      First  and  second 

Experiments,  3101;" 

Experiments  by  Foncelet  and  Lebros.     DuUnats,  Smeaton,  Brinley, 

Kennie,  with  Foncelet  and  Lebros'  table, SlOi:*  and  310?"^ 

Example  from  Neville's  hydraulics.     Page  7iii!l05, 310i'''' 

Formula  of  dischai^  liy  BoileaB, 311)// 

Formula  of  dlschai^  'j  for  orifices  variously  plactd, .llO/i 

Formula  of  time  and  velocity  for  the  above, 3t0/i 

Formula  by  D'Arcy  incorrect,  page  204,  but  here  corrected, 310l 

Formula,  value  of  coeflt.,  by  Fvniiccs  of  I.oueil,  "nniin|isonof  lleira.it 

and  Girard,  of  France, . .'. 310i 

Siiouting  fluids 310r 

Water  as  a  motive  power.     Available  horse-power, 310li 

High  pressure  turbines  for  every  ten  horse-power,     I'.  7L'i;IOIi, SIOj" 

Artesian  wells,  and  reservoirs.     I'aye  7:iHlOS 310i; 

Jetties, 310.1"! 
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Hilly  clistiict^i,  tile  and  pipe  drains, :?10f' 

Draining  cities  and  towns,  seivers, -IIOr 

Sanitary  liiius, :f  10x10 

Irrigation  of  lands, SIO'j 

Kawlinson's  plan, SKIrj 

Supply  of  guano  will  soon  !jj  (..\linu.-lecl ;llOii 

On  the  steam  engine,  hor^e-jicraer.  ,\ti][riiiikv  nik,  Mink  done  liy 
expansion, ' SIOs 

Centre  of  pressure  against  a  rectaiigufar  wall,  cylindrical  vessel,  dams 
in  masonry,  foundations  of  liasiiis  and  dams,  waste  w'eir,  lliicknesa 

of  rectangular  walls,  cascades,  72bI11 Slfti 

Retaining  u-ntls,  Ancient,  and  Hindoo  reservoirs, -^IHt 

To  find  the  tliicliness  of  the  rectangular  ii-all  A  1!  to  lesist  its  being 
turneil  ci-ei- on  tlie  iHiiiit  D.     I'ageT-'liU:!, ^HOf 

Wall  having  an  external  batter, :UOr,  SiOL" 

Table  for  surcharges,  by  I'oiiceiet, SlOic'J 

Walls  in  raasonvy,  by  Movin,  :il0<t'3,  dry  walls liKki'i 

The  greatest  height  to  ivhidi  a  pier  can  lie  iiuilt, .rSlft.'tia 

Piers  and  abutments, :{IO.\lt 

Vauban,  Rondelet,  English  engmeers,  and  {.lolonelWuriiili-,  J'.  7-'i^l  l-'i. 
Pressure  on  the  key  and  foiintiation-;,  bv-  Rankine,   i  ii\,  IJiinilee, 

BIyth,  Ilawkshaw,  tieiiernl  Miirin,  \icnt SlOri-!) 

Outlines  of  some  important  walls  uf  tlocks  and  dams,  including 
India  docks,  London,  Liverpool  .Seaivall,  dams  at  Poona  and 
'I'oolsee,  near  ISombav,  East  Indies,  Dublin  quay  wall,  Hunderland 
docks,  Rri-tol  do.  ftevetment  wall  on  the  Dublin  and  Kingston 
Railway,  t'liieago  street  revetment  wall-i,  dam  at  15lue  Island,  near 

Tunnels. 3I0i^'3 

Wasting  rock,   SIOvv, 

Chicago,  dkm  at  Jonei.'  I'alli,,  Canaila ,■ SIOthI  1 

Pile  drivim;,  cokl-mr-dams,  anh  i-otiM).\i  (.>;.•..     (',  Ti^nllii. , .  .3lOv 

The  power  of  a  pile,  screw  pile,  holioiv  pile, :tlO\'  I 

Examples — I'^rench  standanl,  Xasmyth  steamhnmraer.     When   men 

are  nsed  as  power.     7^iill7, 3IOvI 

Mr.  McAli'ink's  fonnula  derived  from  facts, 310; 

<Jast-iron  cylinder.*,  when  and  where  first  used, IllOr/l 

!*'oiinditions  of  timber.     Pile  driving  engine ;tlOv'J 

CoRer-dams  of  earth,  Thames  tunnel,  \'icloria  bridge  in  Montreal, 
Canada 310v3 

When  trees  should  t>e  cn(,  natural  seasoning,  artificial  do.,  Napier's 
process,  310v4,  Kyan's  proces,s  corrosive  sniiiiniate,  Bnmett's 
method,  310i4f,  Rethell's  method,  Payne's  do.,  lloucher's  da, 
Ilvett'sdo.,  Lege  and  Perenot,  Harvey's  by  exhausted  steam,. .  72];U!I 


At  Woohvich,  Croton  Water  Worts  I'orts  Warren  and  Rklimonii. 
Page72Gl21. 

Vic-^t's  Mtvntciii.     (;K(H-ri\(',,   nv  SMR.\TOS.^Iion  Cement. 

Stoxev's  experimeuls  on  cement.     Page  7211121, 310:11 

Cemenl  for  moist  climates.     I'age  ~2nl-2-i, 310vf> 

Concrete  in  Ijoadon  and  I'liited  .States, ft\Oz'i 

Keton— Mole  at  Algiers,   Africa, 3I0&7 

PRKSEKVATION    OV    IK«S SI'tS 

Victoria  ARVii'tciAi.  stonk.     Page72i!l23.  3IIW1 

Ransom's  method  lo  make  blocks  of  artificial  stone, 3I0:d0 

Silicates  of  jwlash,  of  soda, SlCkdO 

To  test  building  sione,  . . '. .' .' .  '.'. ...'...' '.,...' 310j-4 

Cliimneys, 3I0w<) 
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Walls  and  foundations SHtoll 

Table— ICiiid  of  wood,  spec,  grav.,  both  ends  li\ed  niid  loaded  in  the 

middle.     UreakiHgiveisIit,     Tninsve.-sc  slraiii. 310wl2 

Fonnula  for  beams,     raj.-e  T^ulij, Slfeli; 

Timber  pillars,  by  Ronuec.kt, SlOfj;* 

HODOKISSON^  FORHUiA  for  long  square  pil!ai~ 3IOi'l4 

ISreekton's  experiments  on  jiiiie  liinbei, .IKk'!.") 

Safe  load  in  stnictures, ;(10.-t.'i 

Strength  of  cast-irou  beams, SIOj-IU 

Strongest  form,  I'airbaim's  form, 3I(kI(i 

Caltmlatethe  strength  of  a  trass-beam, 3]Crd7 

To  cakulau:  a  tomini.ii  roof, 310^7 

Angles  of  r<.oi:^ SIOj-". 

Beams,  iiroaLdil-iron,— 1)0\.  31«tolS 

Gordon's  hi-j.ks  fw  casl-iro,,  |.iHa.- -.tlO-JM 

Depth  of  foimdatioiH 310ri'4 

Walls  of  buildings 3.0:,  It 

l'arallclogi-3111  of  forces.     Polygon  of  do., :Ul 

[■allinj  bodk-.:.      '1  liL-uretiea!  and  actual  mean  \L-|ociLii^s  of.      \iiHijl 

Composition  ai  iiiDElons.     i'ayc  Til'-     When  motion  U  rotaii.!ed,  ...   31:; 

Centre  oE  gra^ilv  in  a  circle,  stjiuire,  triangle,  traj^zoiil 313 

[u  a  trape/iuin,'coiie  or    pyrainlil.   fraslrnm  of  n,   eirciilai-,  M'cioi,         i 

semicircle,  i(_uadrant,  circular  liug, 313 

Oj  Solids.— Oi  triangular  iiyraniid,  a  cone,  conic  frastiiiiii,   in  any 

polyhediiin.      Paraboloid,   fra^train  of  a,   piismo:d,    ur   ungidn. 

Siibeiica;  si-cment 314 

SPKCii-n;  i;kuitV,  au.i  .leiisilv.  I'aae7:ill.  Various  m'_-lWU.  .,,  31'. 
or  a  liouid,  3lli,  boJv  lighter  than  ivater,  318,  of  a  lujivlcr  -,]lul.le 

in  irater, ' 3Hi 

Table— Spccilic   gravities    of  bodies.     Weight  oiio    cubic    fout   in 

pounds 3l!»rj 

lalilc— Avcra^-e  bulk  in  cubic  ft-^l  i.f  one  ton,  2240  ]".i.".l.-,  ul"  viiii- 

ous  nialei'ials, 3lii<i' 

labie — Sluinkage  or  iiicrcaso  per  cunt,  uf  material*, 31!) 

.Mechanical  powers,  lever.s,   pulloys,  wheels,  axle-,  inclined  plm  -. 

Virtual  veloi^ity, :i  ''.-i 

I'RlCflOM.     CDui.OMIi  \M'  MORUINS'  c^pcrimcnt-i  cotlTuii;;!!  ul  tin; 

angle  of  ret>ose 3I!J;( 

Table— I'riLlioQ  of  j.lanc  surfaces  sometime  in  coiiliicl, SlStii 

Table- I'Viction  of  bodies  in  motion, 31!y 

hriction  of  aslcs  in  uiotinii 31!'./ 

'Table— Motive  powor.      \V„iU  done  by  man  and  h,.i>e  m.)v  i»y  boii- 

zontally, 31!k 

'i'nble — Motii  e  power.  Work  dune  by  man  and  hoise  vetlically,  , . .  31!lj 
Motive  |ioivcr.     Aulion™  on  macblnes, 3I!> 

Koinan  roads,   Appian  way,   Homan   military  road-:,  Carthaginian, 

Urecfc.and  l'"ri.iicli  roads, 3HI« 

Cerman,  ISelgium,  Sweden,  Kn^Iish,  Iri-h,  and  Scotch  roads :tl9« 

I're.sentment  formating  anLl  repairing;  roads 3I))« 

Making  or  repairing  Mi:.4(MMi/i;i>  kowis,  , 3111;' 

.^  lirinkoge  allowance  for. 

How  the  railroad  was  fiuilt  ovlt  the  Menumenee  mnr>!i  near  Mil- 
waukee, Wisconsin Slilu 

Reiwinini;  w,\[.ia  for  roads.     I'age7ajll, -^1!'" 

1'ara.pcC  walls,  drainage,  drain  holes,  materials,  sandsttme,  lime;>tane. 

Table— -Walk KU.'s  kxperisients  on  the  durability  of  paving 319z' 

Stones  in  I^ndon,  Kngland,  iii-A.D.   1330  and  1831.     Seventeen 

months, 319!/ 

Talile  of  comiires-ion  of  materials  in  road  making,  etc.    I'ageT-jlS,  .Slflt' 
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Table.      Uniform  drauElit  on  roads.      Page  72jlS Slfc' 

Table  and  formulas  of  friction  on  roadi.      Page  72jl4, 31!)?- 

McNeil's  improved  dynamometer.     Page  72jl4 31fl;' 

PoncelET's  value  of  dra«E''t  'o  overcome  friction, 3  lifr' 

Table— Showing  the  lengths  of  horizontal  lines,   eqnal  to  ascending 

and  descending  plmes.     Pressure  of  a  load  on  an  inclined  plane. 

Page  7?;13. 
Table— Morin's  exprriments.     Wilh  examples.     Page  72jlG. 
Talilo  c— Laying  out  curves.     Radius  700  feet  to  10,560  feet  radius, 

by  chords  and  their  versed  sities  in  feet,  showing  how  to  use  them 

in  laying  out  curves  of  less  radius  than  700.     Page  72jl7, 


Page  72k.     (See  Sec.  421), 320 

To  set  out  a  section  of  a  canal  on  a  level  surface, .121 

To  sel  out  a  section  when  the  surface  is  inclined, 321» 

To  find  the  embankment,  and  to  sel  off  the  boundary  of,  32!  1> 

Area  of  section  of  excavation  or  emlankraenl, 321b 

When  the  slope  cuts  the  bottom  of  the  canal, 332 

Mean  height  of  a  given  section  whose  area  =  A,  base  =  B  V,  ratio  of 

slopes  -  r, 323 

When  the  slopes  arc  the  same  on  both  sides 323 

When  the  slopes  are  unequal 321 

llovi  the  mean  heights  are  erroneously  taken,  320 

lirroneous  or  common  method,  of  calculation, 320 

To  find  the  content  of  an  excavation  or  embankment.  Page  72-r, , , .  327 
I'risni,  prismoid,  cylinder,  frustnim  of  a  cone,  pyramid  Irustrum  of 

a  pyramid,  prismoid,  334, 327 

Baker's  method  of  laying;  out  curves,  and  calculating,  earth  ivorks, 

do.  modified.     Page  72v, 339 

Tables  for  calculating  earthwork  deduced  from  Baker,  ICei.ly,  and 

Sir  John  McNeil's  tables.     Page  72y  to  72k". 

Comparative  values  of  circular  and  parabolic  sewers, 13r> 

Rectilineal  channels  and  slopes  of  materials, 167 

Sines  in  plane  ttigonometiy, 171^ 

To  change  circumferentor  to  quarter  compass  bearing;^ 218 

iCIassification  of  land  by  Sir  Richard  Griftith 'iOOiit 

Indigenous  plants, 30i' 

Classification  of  soils, , 309« 

Scale  for  arable  land, 309^ 

Table  of  produce, 309/ 

Scale  of  prices  for  pasture, SOS./ 

One  Imndred  statute  acres  under  a  Iiil  jeaiV  folaliuii.      lajji;  72ii2l. 

Superior  finishing  land, .309f 

Increase  in  valuation  for  its  vicinity  to  towns, 310 

Clasrification  of  buildings, 310f 

Modifying  circumstances, 310e 

Valuation  of  water-power,  310m,  SlOiv, 310* 

Valuation  of  horse-power 3100 

Flour  mills.     Page  72b40,  72b41,  72b42, 310/,  3% 

Form  of  field-book, 310t 

Form  of  town-book 310i(i 

Annual  valuation  of  houses  in  the  country,  slaled ,310^ 

Annual  valuation  of  houses  in  the  country,  thatchcii, 310i« 

Basement,  stories,  offices  thatched, SlOs,  310y 

Prices  of  houses,.    Page  72b51. 

Geological  formahon  of  the  earth, 3I0li 

Composition  of  rocks 31  Oc 

Composition  of  grasses  and  trees, 31I>D 

Analysis  of  trees  and  weeds  or  plants, 310f. 

Analysis  of  grains  and  straws,  vegetables  and  legumes, 310p 

Analysis  of  ashes  of  miscellaneous  articles. 310G 

Per  centime  value  of  manures  for  nitrogen  and  phosphoric  acid,   ....  310l 
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S;clon. 

310l' 

3I0Q 

Analysis  of  various  suite, 310e 

.Supply  of  towns  wltli  water, 3107, 

Value  of  Ihe  Vina  eentracta  from  various  Kii(,r-,  uu  tiuluuilios, 310c' 

Angles  of  conversance.     Page  72b102. 

Coellicients  of  discharge  over  weirs, 3I0e* 

CoefEcients  of  Blaekwell's  experiments. , ,  .310e* 

I'oncelel  and  Lebros'  experiments.     72lll04, 310f* 

Value  of  (lischai^e  Q  through  various  orifices,   310S 

Available  power  of  water, 310y 

lietaining  wall*,  by  Poncelet, SlOif^J 

Specific  gravities,    breaking  weight  and  traiersj  >liiiins  of  lieains 

supported  at  Iwth  ends,  and  loaded  in  the  niitldle, SiOvlS 

Specific  gravities  of  bodies, 3193 

Average  bulk  in  chImc  feet  per  ton  of  2240  pounds.     Page  72jl, 319a 

-Shrinkage  or  increase  per  cent,  of  materials.     Page  7^1, 319n 

Friction  of  plane  smfaces, '. SlSo 

Friction  of  bodies  in  motion,  one  upon  another, 319^ 

Woit  done  l>y  man  and  horse  moving hoiizontally 319r 

Work  done  by  man  moving  vei  tically, 319i 

Action  on  machines, 319t 

Walker's  experiments  on  paving- stuiici  in  a  slrci;l  in  l.iPiiilim, 3l!)v 

Compression  pounds  avoinlupois  required  (o  crush  a  cube  of  one  and 

une-hnlf  inches.     Page  7^13. 
Table  of  nnifomi  drauglit  on  given  inclinations.     Page  72jI3. 
Lengths  of  horizontal  Tinci  equal  to  ascending  planes.     Page  72jl5. 
Morin's  experiments  with  vehicles  on  roads.     Page  72jl6. 
Table  C— l-or  laying  out  cujres,  chord  A  B  =  200  feel,  or  links  or  any 
multiple  of  either  giving  radius  of  the  cnrve.     Half  the  angle  of 
deflection  the  versed  sine  at  one'half,  Che  chord,  or  the  versed  sine 
of  the  angle,  also  versed  sine  of  one-lialf,  oJie-fourth,  and  one- 
eighth  the  angle.     Page  72jl7. 
Table  a — Calculating  earthwork  prismoids.     Page  72j. 
Table  b — Calculating  earthwork  prismoids.     Page  7'2a*. 
Table  c~Calonlating  earthwork  prismoids.     Page  72e*, 
SandM.     Table  for  latitudes  41°,  49°,  5*°,  30'  12°,  Sff.   Page2n'27,  .390* 

levelling  books.  English  and  Irish  Board  of  Works,  method, 414 

M.  McUermolfs  method, 415 

Levelling  liy  barometrical  observation.     Table  A 416 

Levelling  by  barometrical  observation.     Table  li. 417 

Table  A  and  table  B 419 

Natnral  sines  to  every  minute,  five  places  of  dccintali  ftum  1°  to  00°. 
Page  72i"  to  72e'. 

Natural  tangents  and  cotangents,  same  as  for  the  sines.  72s*  to  72b", 
The  sines  are  separate  from  the  cosine  and  tangents  to  avoid  errois. 
Koth  tables  occupy  twenty  pages  nicely  arranged  for  use. 
Traverse  table,  by  McDermott,  entirely  original,  calculated  to  the 
nearest  four  places  of  decimals,  and  to  every  minute  of  degree  in 
the  left  hand  column  numbered  from  I  at  the  top  to  60  at  the  bot- 
tom, at  the  top  are  1  to  9  to  answer  for  say  9  chains  90  chains, 
90  links  or  9  links.     The  latitudes  on  the  lell  hand  page,  and  de- 
'     partures  on  the  right  liand  page  for  4f>  degrees,  then  4d  to  90  are 
found  at  the  bottom,  contains  68  pages. 

Solids,  expansion  of, 165 

To  reduce  links  to  feet 166 

To  reduce  feet  to  links, 168 

Lengths  of  circular  arcs  to  radius  une 170 

Lengths  of  circular  arcs  obtained  by  having  the  chord  and  versed  sine,  171 

Areas  of  segments  of  circles  whose  diameter  is  unity, 173 

To  reduce  square  feet  to  acres  and  vice  vtrsS, 176 

Table  VHIii.     Properties  of  polygons  whose  sides  are  unity, 176 

Table  TX.     Properties  of  the  five  regular  bodies, 176 
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Table  XI F.    To  reduce  siilcreal  time  to  mean  solar  time, 

Table  XIII.     To  reituce  lucaii  siilar  time  to  siilereal  time 

Table  XI\'.     To  reiliiou  sidereal  time  to  degrfe.-;  of  ioiigituilf, 

Table  XV.      ■]■..  .educe  longitude  lo  sidereal  tJuiL', 

Table  XV  I.     i)'L|>  or  depression  of  the  hoii/on,  and  i!il-  iU>tatKe  a1 

sea  in  niilc:^  ciiii(.'>iiiondin5  lo  [jii-en  liciglits 

'lable  XVII.     Coneotion  ol  the  apparent  altitude  for  icfiniliupi, . . . . 

Tabic  XV 1 1  [,      Siin'.s  parailas  in  altitude 

Table  X 1 X.      Fsiafla.i  in  allilude  u[ tile  plauefs, 

Table  NX.     KciUicLiuu  vl  llie  time  of  Ihe  moon's  ras'a!;e  over  the 

meriilian  of  ( Irtenivkii  lo  I  hat  over  any  other  meridian, 

Table  XXI.     lie-.!  time  fur  obtaining  apparent  time, 

Table  XXI  I.     He^t  altilmle  f.ir  obtanimglrue  time, 

Table  XXUl.      I'olnr  t.ibk-s   Mimutlis  or  bcarii-gs  of  slars  in    the 

rJotthern  and  Southern  hemisphere*  when  at  their  greatest  elonyin- 

■  *   15  from  the  laeridiaii  for  eiery  one-lialf  a  dearee  of  latitude,  "    ' 


from  one  degree  to  latitude  'itf,  ami  for  polar  dialances  ff,  40',  0  iTi, 

(rm.  OTi-v.  ro,  r-i,  I'ltf,  rjy,  i'-2o^  I'av,  vm;  ri'ao;  siX, 
T-tr,.  7m'.  7v,.v,  s"v,  irrfff,  ivi.y.  wio;  ir4r/,  irso'.  iiti-v, 

l-yff,   i-2.o,   12-40',    12.4.-.,   li-m.  ]-i.r.r>,   13-0-13~5 IS'-JO'. 

I5°25',  iyaff,  iryay,  \ry°4ff,  i.'i^iv,  ir.°.,o', i 

[These  nil]  enable  llie  Siifvevor,  at  nearly  any  hour  of  the  n  ylu,  lo 
run  a  meridian  line  iu  any  place  uolil  A.D.  L*000.] 

Azimuth  of  Kiichab  (Ikta  Ursaininoris),  when  at  its  greatest  elonga- 
tions or  a/iiniittis  for  1S7.">  and  eveiy  ten  yeara  to  IMj, 1 

'Jable  XXIV.  A(,imntli»  of  I'olaris  when  on  the  saine  vertical  plane 
with  gQiiima  ill  t'a-i.,p-.\v  at  it,  under  transit  in  liililuJes  2*  lo  70' 


Table  \W,  A/imiLdi-iof  I'oIarwwhenverlicalwithAliothin  Ursa 
majorl..  at  il.  u.i.kr  tiari..il.  ^ame  as  for  table  XXIV, J 

Table  XXVI.  Mean  |ik\::e<  of  gamma  (eassiopEc),  ami  eiisilon 
ialioth).  iu  ui>a  iii.ajoij,  at  tlreenwicli  from  A.  IJ.  1870  milii  IH,iO,    1 

Table  XXVJl.  A/.imuth,  or  bearings  of  alpha,  in  the  foot  of  the 
Southern  cross  (Cnicis),  when  on  the  same  vertical  plane  with  ten 
iu  Hydri,  or  iu  the  tail  cif  the  sciikii!  fn.m  A.  ]>.  IsriO  until  21,K», 
and  for  latitude  ]  '2'  to  U  >", 1 

Table  XXVIU.  Altitudes  ami  Kreale,!  a/imuths  for  January  J,  IS87. 
I'or  Chicago  latitude  41",  Cff,  30"  N.,  lotiKitude  37°.  3J.',  7"  W., 
and  liueuoa  Ayres  34°,  3lt',  40"  S.,  loncilude  38°,  24',  3'  W.,  for 
thirteen  circimi|iolar  stars  in  the  Nortnern  hemisphere,  and  ten 
eirciimpolar  star,  in  Ihe  Southern  hemisphere,  fiiving  the  ms^jni- 
tude,  [Hilar  ili~tancc,  right  ascension,  upper  meridian  passage,  time 
to  greatest  azimuth,  time  ol  greatest  V.  azimuth,  time  of  greatest  W 
azimuth,  greatest  azimuth,  altitude  at  its  greatest  aziiUHth  of  eacli,  I 

Table  XXVIU.  A.     Table  of  enual  altitudes, I 

Table  XXVII  i.  I(.     To  change  metres  into  staluie  mile.", '2 

Table  XXVIM.  (_:.  Length  of  a  degree  of  latitude  and  loni-imde 
in  miles  ami  meti'es, '2' 

Table  XXIX.  Kediice  l-ieodi  liiios  iii(ri  cubic  feel  ami  impurial 
Sallons 2 

Table  XXX.     Weights  and  measures. 

Table  XXXr.  IJischai^  of  ivater  through  new  i)ipes  compiled 
from  D'Arcy's  ollidal  French  tablis  for  0.01  to  1.00  melrcs  in 
diameter,  nm]  ten  ccnlimetres  high  in  100  metres  to  rM)  tenli- 
mctres  iu  1011  iiKlres  high, " 2 
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THE  SURVEYOR  AND  CIVIL  ENGINEER'S  MANUAL. 


.      STRAIGHT-LINED   AND   CURVILISBAL   FIGURES. 

OF    THE    SQCARE. 

1.  L«t  ABCD  (Fig.  1)  beiiBquare.  Lat  A  B  -  «,  »i.d  A  D  =  d, 
or  diagonal- 

2.  Then  a  X  i.  =  »'  =  '''*  '^^^'^  "^  ""^  square. 

3.  And  i/ra"a  =  a  V'T=  a  X  1,11*2136  =  diagonal. 

4.  RaiKus  of  the  inscribed  oirola  =  0  E  =y- 

a  X  1-4142136  _ 
6.     Radius  of  the  circumscribing  circle  =  0  D  ^—         ^  — 

B,  X  6,707168. 

6,     Perimeter  of  the  square  =  AB  +  BD-fDC  +  CA  =  4a. 

7  Side  of  tbe  inecribad  octagon  P  G  =  a  /r^  a  =aXl,4142136-a 
=  a  X  0  414214,  i-  <-.  the  side  ot  the  inscribed  octagon  is  equal  to  th« 
difference  bet,f  cen  the  diagonal  A  D  and  the  Bide  A  B  of  a  square. 

8.     Area  of  tbe  inscribed  circle  =  a*  X  0,7SoL 

S.     Area  of  the  circumscribed  circle  0,7854  X  2  n*- 
10.     Area  of  a  square  circumscribing  a  circle  is  double  the  sqitwe  in- 
Boribed  in  that  circle. 


11.  (Fig.  3.)    In  a  rhombus  the  four  sides  are  equal  to  one  another, 
but  the  angles  not  right-angled. 

12.  The  area  =:  the  product  of  the  Bide  X  perpendicular  breadth  = 
A  B  X  C  E. 

13.  Or,  area  =  a"  X  natural  sine  of  the  acute  angle  C  A  B ,  (  « , 
A  B  X  A  C  X  aat.  slue  of  the  angle  C  A  B  =  the  area 

Qt   IHB    RRCTANOLK    OB   PABALLBLOOBAM 

14.  (Fig.  2.)    Let  A.  B  =  a,  B  D  =  b,  and  A  D  ==  d 
15.'   A  D  =  d^=  /P"+  »'. 

-      18,  _  —  radias  of  the  oiroomscribitig  circle. 

if.  Are*  =  a  b  or  the  length  X  V  t""*  breadth- 

«.  Wh«n  ft  =.  2  b,  the  rectangle  ii  the  grwitait  In  ft  aewl-cirolfc 

«,  When  a  =.  2  b,  the  perimeter,  AC+CD  +  DB 
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20.  HydToulic  mean  d^lh  of  a  rectaogalar  water-course  is  found  by 
diviiling  the  area  by  the  wetted  perimeter;  i.  e.,  =  area  divided  by  the 
Bum  of  3  A  C  +  C  B. 

21.  When  the  breadth  ia  to  ihe  depth  as  1  :  VJ,  i.  e.,  asl  :  1,4162, 
the  rectangular  beam  will  be  the  strongest  in  a  circular  tree, 

22.  When  the  breadth  is  to  the  depth  aa  1  :  VS^  i.  e.,  as  I  ;  1,732, 
tbe  beam  vill  be  the  stiffest  that  can  be  cut  out  of  a  round  tree. 

23.  Rhomboid,     (Fig  4.)     In  a  rhomboid  the  four  sides  are  parallel. 
■   Area  =  longest  side  X  t>y  the  perpendicular  height  =ABXCE  =  AB 

X  A  0  X  »"■  »lm  <  C  A  B. 

24.  Trapaoid.  In  a  trapezoid  only  two  of  its  aides  are  parallel  to 
one  another.     Let  A  D  E  B  (fig.  4)  be  a  trapezoid. 

Area  =  J  (C  D  +  A  B)  X  by  the  perpendicular  width  C  E. 


25.  Let  A  B  C  (Fig.  5)  be  a  triangle. 

26.  If  one  of  its  angles,  as  B,  ia  right-angled,  the  area  ~  — -  X  D  C 
=  ^XAB  =  i(ABXBC.) 

ST.     Or,  area  =  J  A  B  X  tangent  of  the  angle  BAG. 

23.  When  tbe  triangle  is  not  right-angled,  measure  any  aide  ;  A  C  as 
a  base,  and  talie  the  perpendicular  to  the  opposite  angle,  B ;  then  the 
»rea=^J(ACXEB.) 

In  measuring  tbo  line  A  C,  note  the  distance  from  A  to  E  and  from 
E  to  C,  E  being  where  the  perpendicular  waa  erected. 

29,'    Or,  area  ^  '^  *^  X  A  B  ^  ^^^  ^.^^  ^^  ^^^  ^^^^^  CAB. 

When  the  perpendionlar  E  B  would  much  ojoeed  100  links,  and  that 
the  BurvejOT  has  not  an  instrument  by  which  he  could  take  the  perpen- 
dicular E  B,  or  angle  CAB,  tis  best  plan  would  be  to  measure  the  three 
ddes,  A  B  =  a,  B  C  =  b,  and  A  C  =  c.  Then  the  area  will  be  found  as 
foUowa ; 

30.  Add  the  three  sides  together,  take  half  their  sum  ;  from  that  half 
lum  take  each  side  separately ;  multiply  the  half  sum  by  the  throe  dif- 
ferences.    The  square  root  of  the  last  product  will  be  the  area. 

n.   A,.._j,-±i±=,,5i±±'^.,,H:|±,_„,._±b+._,^|l 

82.     Let  s  equal  half  the  sum  of  the  three  sides  then 


Area  =  y^  j 


Or,  area  = 


-a).(a-b).(8-c) 
fl  +  log  (s_a)  +  log  (s-b)  +  log  (8-c)  1 


to  the  logarithm  of  half  the  sum  add  the  logs  of  the  three  differences, 
ditide  the  Bum  by  2,  and  the  qnotient  will  be  the  tog  of  tbo  required 
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84.  Or,  to  the  log  of  A  C  add  the  log  of  A  B  and  the  log  aine  of  the 
contained  angle  CAB.  The  number  correapoodiog  to  tlie  aum  of  these 
three  logs  will  be  double  tiie  area,  i.  e.. 

Log  a  -|-  log  c  -|-  log  sine  angle  C  A  B  ^=  double  the  area. 

85.  Or,  by  adding  the  arithmetical  compliment  of  2,  which  i3T,698970, 
we  have  a  Tery  concise  formiiJa, 

Area  ^  log  a  +  log  c  +  log  aine  angle  CAB  +T,698970. 
Example.     Let  A  B  =  a  =  18,74,  and  A  C  =  c  =  1695  and  the  oon- 

taiaed  angle  C  A  B  =  29"  43' 

Log  18,47  chaina, 1,2664669 

Log  16,95  chains, 1,2291697 

Log  sine  29°  43' 9,6952288 

Constant  log,    -         -     ' T,6989700 

11,8898364 
Keject  the  indei  10, 10 

1,8896854 
The  natMral  number  corresponding  to  tbia  log  will  be  the  required 

area  =  77,5953  square  chains,  which,  divided  by  10,  will  give  the  area 

=  7,75958  acres. 
3Ga.     In  Fig.  6,  let  the  sides  A  C  and  B  C  be  inaccessible.     Measure 

A  B  =  ft ;  take  the  angles  A  and  B,  then  the  area  = ■  ■ .     — ' 

nhieh,  in  worda,  is  aa  follows; 

Multiply  together  the  square  of  the  side,  the  natural  sines  of  the 
ftngles  A  and  B ;  dirtde  the  contained  product  by  twice  the  sine  of  the 
angle  C.     The  quotient  will  be  the  required  area. 

Or  thus :  Add  together  twice  the  log  of  a,  the  log  sine  A,  and  the  log 
sine  B ;  from  the  sum  subtract  log  2  +  log  sine  C.  The  difference  will  be 
the  log  of  the  area. 

Example.  Let  the  <  A  :=  50',  angle  B  =  60°,  and  by  Euclid  I.  83, 
the  <  at  C  =^  70" ;  and  let  A  B  =:  a  =  20  chains  to  Snd  the  area  of  the 
triangle ; 

Log  20, 1,3010200 


Angle  A  =  50°,  log  sine, 9,8842540 

Angle  B  =  60",  log  sine, 9,9876206 

(A)  =  22,4238146 

Constwit  log  of  2  = 0,8010300 

.  Angle  C  =  70",  log  sine, «,9729858 

■(B)  =  10,2740158 
2,1498288 
From  the  sum  A  subtract  the  sum  B,  the  difference,  having  rejected  10 
from  the  indet  wiU  be  the  log  of  the  natural  number  corresponding  to 
the  area  141,198  square  chaina,  which  divided  by  10  gives  the  area  == 
14^  acres. 
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Or  thai:     By  using  the  table  of  natural  ainee. 
logs,  we  will  also  use  his  nat,  sines. 

Haying  used  Hutton' 

See  the  formula  (34)  tt=  =  20  X  20,     - 
Nat.  sine  SO"  =  nat.  sin.  <  A  =    -        - 

400 
-        -        ,7660444 

Product, 

-      806,4177600 

Let  us  take  this  =           .        -        .'   ■     . 

306,418 

Kat.  sine  60°  =  nat.  sin.  <  B  :^ 

,86603  + 

Product, 

265,867007334 

Nat.  sine  of  70=  =  ,939893 

ititj,   the  c 


Divisor,  =  1,879386  )  265.867007334 

,m         «'"»"'"'*.  =  l^l.lSa  square  cLiiins,  which,  diyided  by 

35S.  If  on  the  line  A  B  the  triangles  A  C  B,  A  D  B,  A  E  B  eto  be 
described  such  that  the  difference  of  the  sides  A  C  and  C  B,  of  A  Dacd 
D  B,  and  of  A  E  aiid  E  B  is  each  equnl  to  a  giieu  qui 
passing  througli  the  points  C,  D  and  E  is  a  liyperhola. 

^36.  If  ihe  sum  of  each  of  the  above  aides  A  C  -f-  (^  B,  A  J)  +  D  B, 
A  E  +  E  B  is  equal  to  a  given  quantity,  the  cuiTe  is  an  elllpaes. 

87.  In  the  A  A  C  B,  (Fig.  5,)  if  the  base  C  E  is  J  of  the  line  A  C 
the  A  C  E  B  will  be  j  of  tlie  A  A  C  B,  and  if  tbe  base  A  C  be  n  times 
the  base  C  E,  the  A  A  0  B  will  be  n  times  the  area  of  the  A  C  E  B. 

88.  From  the  point  P  in  the  A  A  C  1),  (Fig,  11,)  it  is  required  to 
draw  a  line  P  E,  so  that  (lie  A  A  P  E  «ill  be  J  the  area  of  the  A  A  C  B 

Divide  the  line  A  B  into  4  equd  parts,  let  A  D  =  one  of  these  parts, 
;om  D  and  C  and  P  and  C.  draw  L  E  parallel  to  P  C,  then  the  A  A  E  P 
will  be  =  J  of  the  A  A  C  B;  for  by  Euclid  I.  37,  we  find  that  the  A 
EOC  =  AODP.-.  theAAEP  =  ACD  =  |.tl.eAACB,  q.B.r. 

39.  Proni  the  A  A  C  B,  required  to  cut  off  a  A  A  D  E  =  to  >f  the 
A  A  C  B  bj'  a  line  0  E  parallel  to  B  C. 

By  Euclid  VI.  20,  A  A  D  E  :  A  ACB  : :  A  D^  :  A  B= ;  therefore,  in 
tbia  case,  divide  A  B  iulo  two  such  parts,  so  that  A  D^  =  J  tho  square  of 
A  B.  Let  D  be  the  required  point,  from  which  draw  the  line  D  E  parallel 
to  B  C,  and  tho  work  is  done. 

40,  In  the  last  ease  we  have  AADE;  AACB::AD=  :AB2; 
i.  e.,  1  :  5  : :  A  D=  :  A  B',  Generally,  1  :  n  : :  A  D=  :  A  B^ ;  and  by 
Euclid  VI.  IG.  n  X  A  D=  =  A  B^  ;  therefore,  A  D  =  -^^,  which  is  a 
general  formula. 

Exampli     Let  A  B  =  60  and  B  =  5  ;  then  A  C  =  ~ 26  7 

2,23G 
41      If  D  be  1  p  mt  in  tl  e  ^  ACB,  (Fig  13,)  through  which  the  line 
P  E  is  drawn  parallel  to  <"  B   make  C  E  =  E  P,  join  F  D,  and  produce  it 
to  meet  C  B  in  G    Ihea  the  line  F  D  G  will  cut  off  the  least  possible 
triangie 
43      By  Euchd  M   2   F  D  =  D  G,  because  F  E  =  E  C. 
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43.  To  bisect  the  A  A  C  B  (Fig.  16.)  bj  the  ihortest  line  P  D.  Let 
A«^fa,  BC=:a,  CP^s,  a>iiJCl>  =  y,  A  C  PD=  i  A  AC  B,  condi- 

tions  which  Bill  be  fulfilled  when  i  =  C  P  =  "V^  and  y  =  C  D  =^  y^— 

Keace  it  follows  tbst  C  P  =  C  D.     (See  Tate's  Differential  Calouius,  p.  66.) 

44.  The  greatest  rectangle  that  can  be  ioecribed  in  any  A  A  C  B,  is 
that  whose  height  n  m,  is  =  J  the  lieigbt  Q  C  of  the  given  iriaogle  (see 
Fig  14,)  ABC.  Hence  the  oonatrootion  ia  evident.  Bisect  A  C  in  K, 
draw  K  L  parallel  to  A  B,  let  fall  tlie  perpend icnlars  K  D  nod  L  I,  and 
and  the  figure  K  L  I  D  will  be  the  required  rectangle. 

45.  The  centre  of  the  circumacribing  circle  A  C  B,  (Fig.  7,)  is  found 
by  blaeeting  the  sides  A  B,  AC,  and  C  B.  and  erecting  perpendiculara 
from  the  points  of  bisection;  the  point  of  tieir  bisection  will  be  the 
required  centre.     (See  Euclid  IV.  5".) 

46.  The  centre  of  the  inscribed  circle  (Fig.  6,)  is  found  by  bisecting 
the  angles  A,  B  and  C,  tlie  intersection  of  these  lines  will  bo  the  required 
centre,  0,  from  wliich  let  f^ll  the  perpendicular  0  E  or  0  D,  each  eqnal 
to  the  perpend i en lur  0  F  =  to  the  required  radios. 

47.  Let  11  =  radius  of  circumscribing  oin 


A  A  B  C ;  then  R  =  - 


2  R  (a+b+c) 
48.     To  find  r,  the  radius  of  the  inscribed  circle  in  (Fig.  li,) 

1.  (a+b+c)  =  area  of  tlie  A  A  B  C  =  A, 

B.  divided  by  half  of  the  i 


th 

lY  +  i  +  e 
e  sides  of  the  A. 

J(. 

+  l.  +  e) 

nbc 

1" 

ILbc 

2r.(.  +  b  + 

.-|.b-|  e) 

It 

.be-(.  +  b  +  o) 

.be, 

4A-(«  +  b  +  e)        4A 
49,     Radius  of  the  cii-cum scribing  circle  is  equal  to  the  product  of  the 
three  sides  divided  by  4  times  the  area  of  Ibe  triangle,  and  substituting 
the  formula  in  ^  31  for  the  area  of  the  triangle,  we  bare 


4  A        2  r  (ii-l  b  i-c) 

jt_ l^e 

4{s.(s-a).(s-b).(s-c)}*" 

but  (a-|.b.|.c)  --.  =  A  ;  therefore, 
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required  a) 


e<C 


52,  or  all  the  triangles  on  the  Eame  base  and  in  the  same  segment  of 
a  circle,  the  isoceles  ^  contains  tiie  greatest  area. 

63,  The  greatest  isocelee  ^  in  a  circle  will  be  also  equi-lateral  and 
will  hsie  each  side  ^=r  V^3  where  r  =  radius  of  the  given,  circle. 

54.  In  a  right-angled  ^,  when  the  hypothenuse  is  given,  the  area 
will  be  a  mailmum  when  the  ^  is  iaoceles;  that  is,  by  putting  h  for  the 


hypothenuse  tbe  base  a: 


I  perpendioular  will  be  each  =  —j^  —  :j — ,j  ,,.    ■ 
;ht-angled  A  '"iH  *>*  a 


55.  The  greatest  rectangle  in  an  isoceles  ri; 
square. 

56.  lu  eveiy  triangle  whose  base  and  perpendicular  are  equal  to  one 
another,  the  perimeter  wilt  be  a  maximum  wlien  tlie  triangle  is  isoceles. 

57.  Of  all  triangles  haying  the  same  perimeter,  the  equi-lateral  ^ 
contains  the  greatest  area, 

68.  In  all  retaining  walls  (wa^Zs  Imilt  to  auppart  any  preaaare  acting 
laterally)  whose  base  equals  its  perpendicular,  or  whose  hypothenuse 
makes  an  angle  of  45°  wi«h  the  horizon,  will  be  the  strongest  possible. 


Let  log  of  3,1416  =  0,4971509,  of  0,7854  = 


19,  and  of  0,07958 


69.  Let  a ^ area,  d  ^diameter  and  o  =i circumference,  n  =  3,1416 
and  m  =  0,7851.  Const,  log  3,1416  =  0,4971609,  d  X  3,1416  =  oir- 
cumferenee,  or  log  d  -|-  log  0,4971509  =  log  circumference, 

60.     d"  X  0,7864  =  area  =  twice  log  d  +  constant  log  of  0,7864  = 


<l.t 


I,  ando«  X  0,07959  = 


=  ^Xi 


log  of  area  =  2  logo  +  constant  log  ^,9008039. 

61.     Example.     Letd  =  46,  than  46  X3,I*16  =144,5136  =  ci 
ference;  or,  by  logarithms, 

46,  log  =  1,6627578 
3,1416  constant  log  0,4971509 

2Tl599087  =144,5138 
8979  ciroumferenoe. 


Log  =  3,1699087 
Log  0,4971509 
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f>8.     Area  =  d2X  0,7854  =  ^  =  -^  •  d  =  -|- •  c  =0*  .0,07958. 

Log  area  ^  twice  log  d  4- log  1,8950909,  the  nat.  number  of  which  will 
fhe  the  required  area. 

t  I,6fi27ri78 

Example.     Let  d  =  45,  its  log  =  \  1,6627578 

Constant  log  of  0,7854,         T,8950909 

Area  =  1^61,909  =  3,2200065 

64.  =  0^  X  0.07958  =  twice  log  o  +  log  of  0,07958  =  log  area. 
Example.     Let  c  =  154. 

Log  0  =  2,1875207 
2 

Loge^  =4,3750414 
Constant  log  of  0,07058  =  2,9008039 
Log  area  =  3,27584S3 
Area  =  1887,3191 

65.  d  =  (-     —y  and  e  =  ( ■—  f 

0,7854  '0,07958 

66.  Area  of  a  OirculnT  Ring  =  (D»  —  cl»)  X  0,7854.     Here  D  =  di- 
ameter of  greater  circumference,  and  d,  that  of  the  lesBer  oircnmference, 

67.  Ana  of  a,  Sedor  of  a  Circlt.     (See  Fig.  8.)     Aro  E  G  F  is  the  arc 
.  of  the  giyeo  sector  0  E  G  F,  area  = -^  •  arc  E  O  F  or  area  =  r  ■  ^4-^; 

but  arc  E  G  F  =  8  times  the  arc  E  G,  less  the  chord  E  F,  the  difference 
iliTided  by  three  =  arc  E  G  F  (i.  e.,) 

._,„„       8EG  — EF                   ,       .             r,.  8EG— F,  F 
Aro  E  G  F  := ,  .-.  area  of  sector  =  ---X   :r~ 1 


68.  i.  «.,  Area  =  —  (8  E  G  —  E  F).     EG,  the  chord  of  J  the  aro, 

may  be  found  by  Euclid  I.  47.  For  we  hftTO  O  E  =  to  the  hypothenuse, 
given,  also  J  the  chord  E  P  =  E  H, .  -.  y(0  E'  —  E  H")  =  0  H,  and  0  E  — 
0  H  =  H  G,  then  i/(E  H^  +  H  G*)  =  E  G. 

69.  Area  ^  degrees  of  the  <  E  0  F  X  diameter  X  V  the  oonstAnt 
number,  or  factor  0,008727,  i.  e.,  area  =  d  a  X  0,008727  where  a  <  = 
E  0  F  in  degrees  and  decimals  of  a  degree. 

70.  Segment  of  a  Ring.  N  K  M  F  G  E,  the  area  of  this  segment  may 
be  found  by  adding  the  arcs  N  K  M  and  E  G  F  of  the  sector  0  N  K  M 
and  multiplying  J  their  sum  by  E  N,  the  height  of  the  segment  of  the 

arc  N  K  M  +  arc  E  G  F  , ,  „  ,. 
ring,  i.  ,.,  area  =  — J  X  <>  K. 

71.  Seymenl  of  a  Circle.  Let  E  G  F  be  the  given  segment  whose  ares 
is  reqnired.  By  |  67  find  the  area  of  the  sector  0  E  F,  from  which  teke 
the  area  of  the  ^  0  E  F,  the  difference  will  be  the  required  area 
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72.  Or,  srea  =  g.EFX0H^6n_.  ,  ^^  ^^  ^  ^^  ^^  ^^^^^^^  ^^ 

the  chord  by  the  height,  add  the  cube  of  the  height  divided  by  twice  the 
chord  of  the  segment,  the  sum  will  be  the  required  area. 

73.  Or,  divide  tbe  height  Q  H  by  the  diameter  G  L  of  the  eirole  to 
three  places  of  decimals.  Find  the  quotient  in  the  column  Tabular 
Heights  of  Table  VII.,  take  out  tbe  corresponding  area  segment;  which, 
when  multiplied  by  the  square  of  the  diameter,  will  give  the  required 

74.  When  G  H,  <]ivided  by  the  diameter  G  L,  is  greater  than  ,.'),  take 
the  quotient  from  0,7854,  and  multiply  tie  difference  by  the  square  of 
the  diameter  as  above,  when  G  H  divided  by  Q  L  does  not  tenninate  in 
tiree  places  of  decimals,  take  out  the  quotient  to  live  places  of  decimals, 
take  out  the  areas  less  and  greater  than  the  reqnired,  multiply  their  dif- 
ference by  the  last  two  decimals  of  the  quotient,  reject  t«o  places  of 
decimals,  add  the  remaindei'  of  the  product  to  the  lesser  area,  the  sum 
will  be  the  required  tabular  area. 

Example.     Let  G  II  =  4,  and  J  the  chord  =  E  II  =  11  =  j  B  F.     By 

Euclid  III.  35,  HGXHL=EH'iIF  =  EH=  =81;  .-.  —  =  20,:i3 

=  H  L  ;  conseqnenUy,  by  addition,  20,aG  +  4  =  21,25  =  G  L  =  diamotcr. 
And  4  divided  by  24,25  =  0,16494  =  tnbulnr  number. 
Area  corresponding  to  0,164  =  ,0840Gi) 
"  "  0,165  =  ,084801 


,0001507,48 

Lesser  area  for  ,164      ,084059 
Correction  to  be  added  for  00094  =       697 

Corrected  tabular  area,       ,0847.56;    which,   mnlliplied   by   the 
square  of  the  diameters  will  give  the  required  area. 


75.  Let  E  F  V  S  (Fig.  8,)  be  a  circular  lone,  in  which  E  F  is  parallel 
to  S  V,  and  the  perpendicular  distance  E  t  is  given  ;  oonsequently  E  S  ^ 
tT  may  be  found  by  Euclid  I.  47,  s  t  =  J  (8  v  —  E  F)  =  d,  and  S  v  —  d 

=  t  T,  and  by  Euclid  III.  35,  "  *  -^.^^  =  t  W,  .-.  E  t  -[-  t  U  =  E  U  is 

And  by  Euciid  I,  47,  the  diameter  U  F  is  =  ^/(E  U=  +  E  F=j 

And  by  Euclid  IIL  3,  by  bisecting  the  line,  0  Z  is  at  rigbt  angles  to 

F  V;  and  by  Euclid  IIL  31,  the  <  UVF  is  a  right  angle;  and  by  Eualid 

TI.  2  and  4,  U  V  =  2  0  X. 

And  E  t :  E  S  ;:  T  t :  V  U,  by  substitution  we  have 
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Ifow  having  o  x  and  o  j  ^  radius,  we  oon  End  the  height  of  the  seg- 
ment 17;  . '.  having  the  height  of  the  segment  s  j,  and  diameter  W  F  of 
the  segment  F  Y  V,  we  can  find  its  area  aa  follows : 

The  area  of  the  trapezium  EFVS=J(EF  +  VS)X£t.  to  which 
add  twice  the  segment  F  Y  V,  the  sum  will  be  the  required  area  of  the 
zone  E  F  V  S. 

t  =  d  =  J(ST  — BF), 

by  EuoUd  I.  47. 


And  hj  substituting  the  values  of  E  S,  V  t  and  2  E  t,  we  have 
2p 


_WF 


WF=2xy +  20X. 


ExampU.     Let  B  F  —  a  =  20,  and  a  v  =  T)  =  30,  E  t  =  p  =  25,  f 
=  d,  and  t  t  =  e,  to  find  the  diameter  W  P  and  height  x  y.     Here  d  = 


E8- 

=  1/050  =  25,494. 

c.= 

25^625  +  25 
60 

25/650 
50 

_25 

X  25,495 
50 

ox  = 

- 12,747, 

1 

908,06 

"  p  1^890625  +  156260  +  15626  +  890925         25 
therefore  W  F  =  36,12  =  required  diameter. 

ff  F  =;  36,07  =^  diameter ;  and  having  the  diameter  W  F  and  height  x  y, 
the  area  of  the  segment,  subtended  hj  the  chords  F  t  and  E  S,  can  be 
found  by  Table  VII.,  and  the  trapesium  E  F  v  t  bj  section  24. 

or  A  cincuLAs  lune. 

76.    Let  A  C  B  D,  fig.  10,  represent  a  lane.    Find  the  diffwenoe  be- 
tween the  aegment  A  C  B  and  A  D  B,  whioh  will  be  the  required  ares. 
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77.  Hydraulic  mean  deptJi  of*  segment  of  n.  circle  ia  found  bj  divid- 
tho  area  of  the  Begment  bj  the  length  of  the  are  of  that  segment.  Of  all 
Begmants  of  a  circle,  the  semi-circular  sewer  or  drain,  when  filled,  has  the 
greatest  hydraulic  mean  depth. 

78.  The  greatest  isoceles  /\  that  can  circumscribe  a  circle  will  be  that 
whose  height  or  perpendicolar  C  F  ia  equal  to  3  times  the  radius  0  E. 

79.  Areas  of  circles  are  to  one  another  as  the  squares  of  their  diame- 
ters i  t.  e.,  in  fig.  8,  circle  A  K  B  I  is  to  the  area  of  the  circle  C  G  V  L  as 
the  square  of  A  B  is  to  the  square  of  C  D. 

80.  In  anj  circle  (fig.  9),  if  two  lines  intersect  one  another,  the  rec- 
tangle coDtaincd  by  the  segments  of  one  is  =  to  the  rectangle  contained 
by  the  segments  of  the  other ;  i.  e.,  0  M  X  M  C  =  F  M  X  M  H, 
orOAXAC=FAXAH- 

81.  In  fig.  8,  a  T  X  b  T  ^  I  T  X  K  T  =  square  of  the  tangent  T  M. 

82.  In  a  circle  (fig  9),  the  angle  at  the  centre  is  double  the  angle  at 
the  circumference ;  >.  e.,  <  C  A  B  =  2  <  C  O  B.     Euclid  III.  20. 

83.  By  Euclid  III.  21,  equal  angles  stand  upon  equal  circumferences; 
.-.  ft,  <  C  0  B  =  <  C  L  B. 

84.  By  Euclid  III.  26,  the  <  B  C  L  ^  <  B  L  C  =  <  C  0  B. 

86.  By  Euclid  III.  32,  the  angle  contained  by  a  tangent  to  a  circle, 
and  a  chord  drawn  from  the  point  of  contact,  is  equal  to  the  angle  in  the 
alternate  segment  of  the  circle ;  t.  e.,  in  fig.  9,  the  <  T  B  C  =  <  B  0  C 
=^  J  <  C  A  B.     This  theorem  is  much  used  in  railway  engineering. 

86.  The  angle  T  B  C  ia  termed  by  railroad  engineers  the  tangential 
angle,  or  angle  of  half  deflection. 

87.  To  draw  a  tangent  to  a  circle  from  tlie  point  T  without  the  circle. 
(See  fig.  9.)  Join  the  centre  A  and  the  point  T,  on  the  line  A  T  describe 
ft  Hemi-cirole,  where  A  cuts  the  circle,  in  B.  Join  T  and  B,  the  line  T  B 
will  be  the  required  tangent  or  the  square  root  of  any  line  Q  T  H  =  T  B ; 
t.  t.,  ^Z  {Q  T  H)  =  T  M. 

Then  from  the  point  T  with  the  distance  T  B,  describe  a  circle,  cutting 
the  circle  in  the  point  B,  the  line  T  B  is  the  required  tangent. 

in  Section  81,  we  have  T  a  -  TB  =  TM^  .■.  /(T  a  ■  T  B)  =  T  M, 
and  a  circle  describe  with  T  as  centre  anii  T  M  as  radius  will  determine 
tbe  point  M. 


88.  An  ellipse  ia  the  section  of  a  cone,  made  by  a  plane  cutting  the 
cone  obliquely  from  one  side  to  the  other. 

Let  fig.  89  represent  an  ellipse,  where  A  B  =  the  tcansTerse  axis,  .and 
D  E  =:  the  conjugate  aiia.     F  and  G  liiB  foci,  and  C  the  centre. 

ConXrtictofi.— An  ellipse  may  be  described  as  follows:  Bisect  the 
transyerse  aiis  in  C,  erect  the  perpendicular  C  D  equnl  to  the  semi-con- 
jngate,  from  the  point  D,  as  centre  with  A  C  as  distance  describe  area 
onttiog  the  tranByerse  axis  in  the  foci  F  andO.  Take  a  fine  curd,  so  that 
irhcn  knotted  and  doubled,  will  be  eqnal  to  the  diatauce  A  Q  or  F  B.    At 
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tbe  points  or  foci  F  and  G  put  Bmall  nails  or  pins,  over  irhioli  put  Ibe 
line,  and  iritli  a  fine-poiated  penoil  deacribe  the  eurre  bj  beeping  the 
line  tight  on  the  naila  Hnd  pencil  at  eyerj  point  in  the  cnrTe. 

LS  0  lis  an  ordinate 
a  the  transverse  a 


91.  Abscissa  is  tliat  part  of  the  aiis  between  the  ordinate  and  vertei, 
as  A  0  and  0  B  are  the  abscissas  to  the  ordinate  01;  and  A  G  and  0  B 
are  abscissas  to  the  ordinate  G  H. 

92.  ParameUT  or  Latui  T. 
focus,  and  meeting  the  curre  i 

93.  Diameter  is  any  line  passing  tbrouEl  the  centre  and  terminated 
bj  the  curve,  as  Q  X  or  E  I, 

94.  Ordinate  to  a  diameter  is  a  line  paraliel  to  the  tangent  at  the  verteT 
of  (hat  diameter,  as  Z  T  is  the  ordinate  being  parallel  to  the  tangent  X  Y 
drawn  to  the  rertes  X  of  the  diameter  X  Q. 

95.  Conjugate  to  a  diameteT  is  that  line  drawn  fiirough  the  eentre,  ter- 
minated bj  the  curve,  and  parallel  to  the  tangent  at  the  yertei  of  that 
diameter,  as  C  b  is  the  semi-oonjugnte  to  the  diameter  Q  X. 

96.  Tangent  to  any  point  H'  m  the  euTve,  join  H  F  and  G  H,  bisect  the 
angle  L  H  G  by  the  line  II  K,  then  H  K  will  be  the  required  tangent. 

,  97.  Tangent  from  apoint  without,  let  P  be  the  given  point,  (see  fig.  40) 
join  P  F ;  on  P  F  and  A  B  describe  circles  cutting  one  another  in  X,  join 
P  X  and  produce  it  to  meet  the  ellipse  in  T,  then  P  T  will  be  the  required 
tangent,  and  H  K'  =  tangent  to  the  point  h. 

e  tangents  drann  through  the  points  where 
rve,  K  H  is  the  focal  tangent  to  the  point  H. 
89.     I^oTTaal  is  that  line  drawn  from  the  point  of  contact  of  the  tangent 
with  the  curve,  and  at  right  angles  to  the  tangent,  H  N  is  normal  to  K  H. 

100.  Subnormal  ia  the  intercept«d,  distance  between  the  point  where 
the  normal  meeta  the  axis,  and  that  point  where  an  ordinate  trom  the 
point  of  tangents  contact  with  the  curre  meets  the  ails,  as  N  0'  ia  the 
subnormal  to  the  point  H. 

101.  Eeeentridlij  is  the  distance  from  the  focus  to  the  centre,  as  C  G. 
mother  in  the  centre  C;  that  is,  C  X  == 

108.  To  find  the  centre  of  an  eMipe.  Draw  any  two  corda  parallel  to 
one  another,  bisect  themi  join  the  points  of  bisection  and  produce  the 
line  both  ways  to  the  curve,  bisect  this  last  hne  drawn,  and  the  point  of 
bisection  will  be  the  centre  of  the  elhpse 

104  AB  =  FD  +  GB  =  FI  +  Gr  =  FH  +  GH,  eto  ,  that  is,  the 
eum  of  any  two  hnes  drawn  from  the  foci  to  any  point  to  the  curre,  is 
equal  to  Uib  tranHverae  axis 
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105.     The  square  of  half  the  transveTBe,  is  to  the  square  of  half  the 
ooDJugate,  as  the  reotangle  of  any  two  abscissas  is  to  the  square  of  the 
ordinate  to  these  absciasAB;  i.  e., 
A  C»  :  C  D»  ::  A  0  ■  0  B  :  0  Pj  therefore, 


Let  us  assume equal  to  a,  then 

AC 

GH'=v'(AG.  GB).  n. 


A0-0B:AG-GB:;0I2:Q  H'" 

107.  The  square  of  any  diameter  is  to  the  square  of  its  conjugate,  as 
the  rectangle  of  the  abscissas  to  that^  diameter,  ia  to  the  square  of  the 
ordinate  to  these  abscissas ;  i.  e., 

Q  X*  !  H'  b^  :;  Q  T  •  T  X  :  T  Z^i  i.  e., 
CX^rCb^::  QT-  TX;  TZ^. 

108.  To  find  where  the  tangent  to  the  point  H  will  meet  the  transverse 
aiis  produced ; 

C  0' :  A  C  ::  A  G  :  C  K'.      Substituting  x  for  C  0',  and  a  for  A  C 

j:  ar:a:CK')  .■.  CK'=  — ;  therefore, 

0  K'  =  (^  +  ')•(»  ~  ')  _  a'— £:^     Ho^^ ]|y having  the  ordinate 0  I 
=  y,  we  have 


^^)i_^■..  ,  a>-2.^.^  +  ^')i 


109.    Tangeat  H  K'  =  y'(£ili±^! ifll.-+-''),  here  x  =  C  0. 


110.    Equalim  to  the  ellipse  ^ 


Having  the  semi-trBESTerse  axis  =  a,  the  semi-conjugate  =  b 
O  ==  0  H  =  anj  ordinate,  x  =  C  O  =  co-ordinate  of  y.     Let 

A  0  =  S  =  greater  abscissa,  and  0  B  =  s  =  lesser  abscissa.    We  will 
from  the  above  deduce  fommlas  for  finding  either  a,  b,  S,  s,  0  or  x. 

ni.     OH  =  o  =  (l^-?^)    =  ordinate  = -^  i/S^. 

lis.    A  C  =  a  =  ^^  { b  +  y'(h3  —  o') }  =  semi-tranaTerse. 
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113.      C 


D  =  b  -  V(^)  =  a  •  0  VsTi  =  '' 


115.  Area  of  m  eZr!>M  =  A  BXD  EX  J854=4  a  b  ■  7854  =  3,1413 
Xab. 

116.  Area  of  an  dliptkal  segment. — Let  h  :=  height  of  the  segment. 
Diyide  the  height  h,  by  the  diameter  of  which  it  is  a  part ;  find  the  tabular 
area  corresponding  to  the  quotient  taken  from  fab.  VII ;  this  area  multi- 
plied by  the  two  aies  will  give  the  required  area,  i.  e.. 

Tab.  area  —  •  4  a  b,  when  the  base  is  parallel  to  the  conjugate  axis ; 
or,  tab.  area  =  —  *  4  a  b,  when  the  base  ia  parallel  to 


117.  Circujnfcrmu  of  an  ellipse  =  /(il^Jli^)  .  3a416  ;  i.  e., 
Cjronmferenoe  ^  i/(2  a^H-  2  b=)  .  8-1416. 

118.  Application. — Let  Ihe  transverse  =  86,  and  conjugate  =:  26. 
Area  =  35  X  25  X  .^854  =  875  X  ,'^854  =  687,223. 

-) .  3-1416  —  22-09  X  3'm6  ~  60,3979. 


Let  AO=28=;greater  abscissa,  then  7  =  the  leaser  abscissa,  to  find  the 
ordinate  0  H. 

~  "  "-f  = -/WQ  =  10. 


r,  0H=5g  i/28X7  =  10.     (See  section  HI.) 


7,5  +  th2  i/&2b  —  lm  =  17,6  +  1,1  X  ',5  = 


122.  A  parabola  ia  the  section  of  a  cone  made  by  a  piano  cutting  it 
parallel  to  one  of  its  sides  (see  fig.  41). 

123.  To  deicriie  a  parahola. — ^let  D  C  =  directrix  and  F  =  focus; 
bisect  A  F  in  V ;  then  V  ==  vertei ;  apply  one  side  of  a  square  to  the 
directrix  C  D;  attach  a  fine  line  or  cord  to  the  side  II  I;  make  it  fast  to 
the  end  I  and  fooas  F ;  slide  one  side  of  the  square,  along  the  edge  of  a 
rulet  laid  on  the  derectrii ;  keep  tlio  lino  by  a  fine  pencil  or  blunt  needle 
close  to  the  side  of  the  square,  and  trace  the  cnrte  on  one  side  of  the  asii. 
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Olheraite,  AssHme  in  the  axis  the  poiala  FEB'  B"  B"'  B""  elc,  at 
equal  diBtances  from  F ;  from  these  points  erect  perpendicular  oriiipateB 
to  the  ftiia,  as  F  Q,  B  P,  B'  0,  W  N,  B"'  M ;  from  the  fecus  F,  with  tie 
distances  A  F,  A  B,  A  B',  A B",  describe  arcs  cutting  (Jie  above  ordinates 
in  the  pointa  Q,  F,  0,  N,  M,  etc.,  which  points  will  be  in  the  curre  of  the 
required  parabola ;  by  raarliing  the  distances  F  B  =  B  B'  =  B'  B",  etc, , 
each  distance  equal  about  two  inchcH,  the  curve  can  be  drawn  near 
enough ;  but  where  strict  accuracy  is  required,  that  method  given  in  sec, 
122  is  the  best. 

124.  Definitions.—G  D  is  the  direotrii,  P  =  focos,  V  =  vertex,  A  B 
=  aiis.  The  lines  at  right  angles  to  the  asia  are  called  ordinatei.  The 
double  ordinate  Q  R  through  (he  focus  is  equal  to  four  times  F  V,  and  is 
called  jiarameier,  or  latus  rectum. 

Diameter  to  a  parabola  is  a  line  drawn  from  any  point  in  the  curve 
paraUel  to  the  axia,  as  S  Y. 

Ordinate  to  a  diameter  is  the  Une  terminated  by  the  curve  and  bisected 
by  the  diameter. 

Abteasa  is  the  diatance  from  the  vertex  of  any  diameter  to  the  inter- 
BBotion  of  an  ordinate  to  that  diameter,  as  T  Bis  the  abscisaa  to  the  or- 
dinate F.  B. 

124a.  Every  ordinate  to  the  axis  is  amean  proportional  between  its 
abscisaa  and  the  latus  rectum ;  that  is  4  T  P  X  B"  V  =  B"  N^,  oonse- 
qnently  having  the  absciasa  and  ordinate  given,  we  Snd  the  latua  rectum 


=  PV  = 


B"N3 


"N= 


3  the  distance  of  the  focus  F  from  the  vertex 


125.  Squares  of  the  ordinates  are  to  one  another  as  their  abacissaa  i 
i.  «.,  B  P=  :  B'  02  ;  :  V  B  :  V  B'. 

126.  FQ  =  2FV.-.  QR  =  4FV. 

127.  The  ordinate  BS=  =  VB.4VF;  hence,  the  equadon  to  the 
curre  is  y»  =  p  x,  where  y  =  ordinate  =  B  S,  and  i  =  abaoiaaa  V  B,  and 
p  =  parameter  or  latus  reotam. 

128.  To  draw  a  iangmt  to  any  point  S  in  the  curve,  join  S  F;  draw 

Y  B  L  parallel  to  the  axis  A  B ;  biaect  the  angle  F  S  L  by  the  line  X  S, 
which  will  be  the  required  tacgent. 

Otktrwise,  Draw  the  line  from  the  focus  to  the  derectrii,  as  F  L ;  bisect 
F  L  in  m;  draw  m  X  at  right  angles  to  F  L ;  then  m  X  S  will  be  the  tan- 
gent reqaired,  because  S  L  =  S  P. 

Otheneiae,  Let  8  be  the  point  from  whioh  it  ia  required  to  draw  a  tan- 
gent to  tha  curve;  draw  the  ordinate  S  B,  produce  B"  V  to  G,  making 

V  t?  =  V  B ;  then  the  line  G  S  will  be  the  required  tangent. 

12B.  Aria  of  a  parabola  is  found  by  multiplying  the  height  by  the  baae, 
and  taking  two-thirds  of  the  product  for  the  area;  i.  «.,  the  area  of  the 
parabola  N  V  P  =  j  (B"  ¥  •  N  W). 
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J80.     To  find  Ihe  length  of  the  curve  N  V  B  of  a  parabola : 

Bi,;s,_Totlie  square  of  the  ordinate  N  B"  add  fonr  tMrda  of  the  square 
of  the  abscissa  V  B";  the  square  root  of  lie  product  multiplied  hj  2  will 
be  the  required  length.     Or,  by  putting  a  =  abscissa  =  V  B",  and  d  ^= 

ordinate  N  B";  length  of  the  ourre  H  V  0  ^-/('-^."^  ^.— )  •  2,  1. 1., 

Length  of  the  curre  N  V  U  =  i/{8  d*  -f-  4  a*)  X  1.165. 

a  accurate  than  the  aboye  rule,  but  is 


nate  by  the  parameter. 

Length  of  the  curre  =  2  d  .  (I  +  ^^  -  ^^—  +  ^7—7^)  etc 

131.  Bj  sec.  57,  of  all  triangles  the  equilateral  contoias  the  greatest 
area  enclosed  by  the  same  perimeter ;  therefore,  in  sewerage,  the  sewer 
having  its  double  ordinate,  at  the  spring  of  the  arch,  equal  to  d ;  tben  its 
depth  or  absciBsa  will  be  ,866  d ;  t.  e.,  multiply  the  width  of  the  sewer  at 
the  spring  of  the  arch  by  the  decimal  ,866.  The  product  will  be  the  depth 
of  that  eewer,  approiimately  for  parabolic  sewer. 

132.  The  great  object  in  sewerage  is  to  obtain  the  form  of  a  sewer, 
such  that  it  will  have  the  greatest  hydraulic  mean  depth  with  the  least 
possible  surface  in  contact. 


133.  Given  the  area  of  the  parabolic  sewer,  N  V  U  =  a  to  find  its 
abscissa  V  B^'  and  ordinate  B''  N  such  that  the  hydraulic  mean  depth  of 
the  sewer  will  be  the  greatest  possible. 

Let  I  =  abscissa  =  V  B" 

and  y  =  ordinate  N  B" ;  than  N  U  =  2  y. 


To  find  the  length  of  the  curve  N  V  U. 
-.j—  =  perimeter. 


2-J.66aa 
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1,782  I 
I,  (a)  will  give 


■'  l,156v'l,C876  +  4x' 
And  bj  dlfferentiadng  tbis  espression,  we 

DifferenUal  a  =  ad  i •  (1 , 1 55 / 1,6875  a^  4 


^Vl,6875a,''  +  4'x* 


rejecting  the  denonainator  and  bringing  to  tbe  same  C' 
i^  =  a>l,155(l,6875a3^4s<)— ai(9,24i=  = 

i.  «.,  1,949  a=  +  4,62  as*  —  9,24  a  x'  =  0. 

1,949  a=  =  4,62  a  i' 

i<  —  ,4218  a^ 

x*  =  ,6494  a. 

s  =  .SOev'a  =  l/,649  a  =  required  abBciasa. 

3  a      0,76  a  .    ,     j.    . 

y  =  -—  =  — — —  =  required  ordinate. 


-Let Ihe area  =  4  feet='a; 

then  ,806y'a  =  ,806  •  2  =  1.612  =  absoisaa  =  x; 

and  y  =  ordinate  =  —  = —  ^  1,863. 

4 1       6,448 

'    Now  we  hftve  the  abaeiasa  i  =  1,612,  and  ordinate  =  1,863. 

By  Seo.  130,  we  find  the  length  of  the  cuttb  N  V  U  =  5,26;  and  by 
dividing  the  perimeter,  6,26,  into  the  area  of  the  sewer,  we  will  hate  the 

hydraulic  mean  depth  =  ~ — -  =  0,76  feet. 

134.  The  circnlar  sewer,  when  running  half  full,  has  a  greater 
hydraulic  mean  depth  than  any  other  segment;  but  as  the  water  falls 
in  tbe  sewer,  the  differenee  between  the  circular  and  parabolic  hydranlio 
mean  depths,  decreasea  until  in  the  lower  segraenta,  where  the  debris  ia 
more  concentrated  in  lie  parabolic,  than  in  the  circular,  the  parabolic 
aewer  with  the  same  sectional  area  will  give  the  greatest  hydraulic  mean 
depth.  This  will  appear  from  the  following  calculations:  Where  the 
segment  of  a  circle  is  assumed  equal  to  a  segment  of  a  parabola,  which 
parabola  ia  eqnal  to  one-half  of  the  given  circle.  The  method  of  finding 
the  length  of  the  eurre,  area  and  hydraulic  mean  depth,  will  alao  appear. 
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whote  abscissa  =  0,806 j/a  and  erdiitale  :=  ~ 
or  igg-skaped  at 


Thai  (keparaholie 
(where  a  =:  given  area)^  ri  hetfer  than  either  t 
S'tll  appear  from  the  fvlluicing  table  and  catcul 

13i.  TABLE,  SHOWIKU  THE  MVDRAULIC  MEAN  DEPTH  IN  SEGMENTS 
OPrARABOLlC  AKU  tlltCULAE  SEWKRS,  EACH  HAVISU  THE  SAME 
.  SECITOWAI.  AUEA.  THE  DIMENSIONS  OF  THE  I'lUMITlVE  i-ABA- 
BOLA  AND  ClUCULAll  AUE  AT  THE  TOF. 

pAKABOt.A,  Lalai  Reclum  2,7.        Semicieclb,  Diameter  =  4  feet. 
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tl  e  hyd  o 


n  a  ewe  f  und  by  n  ulti- 
pljiiig  th  e  I  nal  nr  a  by  the  lieptl  on  i  G  J  p  und  ,  and  tl  at  th  li  pths 
of  the  segnieiils  of  a  parabola  are  greater  than  in  the  segments  of  llie  semi- 
circle, each  being  equal  to  the  same  given  area;  therefore,  from  inspecting 
the  above  table,  it  will  appear  (hat  (he  parabolic  aewera  have  greater  hy- 
drostatic depths  and  pressure  than  the  circular  segments.  It  also  appears 
that  in  the  lower  half  deptb  of  the  seniieircle,  and  in  all  other  depths  lower 
than  half  the  radius,  the  hydraulic  mean  depth  is  greater  than  in  circular 
scgmenta  of  tbe  same  areas. 

Calculation  of  the  foregoing  Table. 

Example.  Required,  the  ordinate  at  abscissa  1,2  of  the  given  parabola, 
whose  abscissa  =  2,01!>,  and  ordinate  2,335,  and  latus  rect-um  2,7. 

Eul^,  Multiply  the  latus  rectum  hy  tbe  abscissa  of  the  parabolic  seg- 
ment.    Tbe  square  root  of  product  will  be  the  required  ordinate. 


Or  by  logarithms,  let  log  of  2,7 
log  of  tbe  given  abscissa 

log  of  the  product  of  abscissa  and  latua  rectum 
which  divide  bj  2  will  give  tbe  log  of  the  square  ri 
product 


-  0,431364 
=  0,041 3!>3 
=  0,472757 


the  I 


ctponding  li 
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To  Find  the  Area. 
The  ^yen  ordinate  =  1,800. 
The  chord  or  doulilo  ordinate  =^  3,600. 
abscissa  1,2 

This  product  multiplied  by  2  and  divided  by  3,  gives  the  area  =  2,88. 
That  is,  two-thirds  of  the  product  of  the  abscissa  and  double  the  orilinati 
is  equal  to  the  required  area. 

To  Find  the  Perimder  of  the  given  Segment. 
186.     Rule.     To  one  and  one-third  times  the  square  of  the  abscissa 
add  the  square  of  the  given  ordinate.     The  square  root  of  the  sum,  i 
multiplied  by  2,  will  giro  the  perimeter. 

In  the  eiample,  abscissa  ^  1,2,  and  ordinate  :=  3,80. 

Abscissa  squared  =:  (1,2)  =  1,44 

one-third  of  {Ifif  =      48 

square  of  the  ordinate  =  (1,8)°  =  3,24 

5,11) 

the  square  root  of  6,18  =  2,2715 

2 

Required  perimeter  =  4,u430 

To  Find  the  Hydraulic  Mean  Depth. 
Rule.     Divide  the  area  of  the  segment  by  the  wetfed  perimeter.     Th 
qaotient  ivill  be  the  hydraulic  mean  depth. 

n  depth  =  0,034. 

To  Find  ihe  Height  and  Chord  of  a  Circular  Segment. 

137.  To  find  the  chord  corresponding  to  a  circular  segment  vthose  are. 
=  that  of  the  parabolic  segment  (see  segment  No.  10  in  table),  where  arei 

=  a  ^  1,880, —  =  tabular  segment  area,  opposite  tab.  Ter.  sine.     Thi 
miiltiplied  by  the  diameter  will  be  the  height  of  the  segment. 

Here  we  have  a  =  2,880. 
d'  =  4  X  4  =  It'-  aiii  the  quotient  --  ^  0,18000. 
Tab.  area  segment  =  ,18000. 
Corresponding  yer.  sine  =  ,280  (by  Tab.  VH). 

4 

therefore,  1,120  =  depth  or  abscessa. 

To  Find  the  Chord  or  Ordinate  to  Iki!  depth. 

1 38,  Diameter  of  the  circle,  4  feet, 
given  height  or  depth  of  wet  segment  ^  a  =:  1,12 
remaining  or  dry  segment                     ^  b  ^  2,88 

1,12 
product  =  05  3,225G 

tlie  square  root  of  this  product  will  (Euclid  III,  prop.  35)  give  the  ordinal 
or  haif  chord  =  1,7S6,  and  the  chord  of  the  segment  :  -.  c  ..-  3,.^)02, 
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To  Find  ihs  Perimtier. 
139.     Wo  Lave  the  heiglit  of  the  aegment  =  a  =  1,12, 
the  chord  or  double  ordinate,  c  =:  H,592. 

Then  by  Tab.  VI,  find  the  tabular  length  correspording  to  the  quotient 
in  column  tabular  length.  The  tabular  number  thus  found,  multiplied  bj 
the  choril,  niti  be  the  required  length. 

3,592)      1.13 

quotient,    ,3118, 

whose  tabular  length  =  1,2419, 

wliich  multiplicJ  by  (he  chord  c  =  3,502, 

will  gire  the  product  =  the  required  perimeter  =  4,461,  and  the  perime- 
ter divided  into  the  given  area  will  give  the  hydraulic  mean  depth,  0,(i45. 


140.  The  egg-shaped  sewer,  in  appciirance,  resembles  a  parabola,  and 
is  that  now  generally  adopted  in  tiie  new  sewerage  of  London  and  Paria 
since  18S7. 

Let  A  B  (fig  41)  =  width  of  sewer  at  the  top.  Bisect  A  B  in  0,  erect 
the  perpendicular  0  C  =  A  B. 

On  A  B  describe  the  circle  E  A  D  B,  and  on  D  C  describe  the  circle 
D  I  C  U.  Produce  A  B  both  wnjs.  Making  A  G  =  B  H  =  the  total  height 
C  E,  join  0  F  and  H  P.  Produce  them  to  the  points  I  and  K.  Prom  0 
as  centre  describe  the  arc  A  I,  and  from  H  as  centre  describe  the  arc  B  K. 

let  A  B  =  4  feet,  then  D  C  =  2,  and  C  E  =  6,  and  O  C  =  4,  and  0  F 
=  3.  Also  HB=AO=OI  =  HK  =  0,  and  HA  =  BG  =  2.-. 
H  G  =  8.     Because  G  Q  =  A  G  .-.  G  Q'  —  G  0»  =  0  Q=. 

In  this  eiample,  Q  G^  =  6^  =  88, 

OG^  =  i.^  =  16. 

The  square  root  of  20  =  4,472  =  0  Q. 

To  Find  (At  <  O  Q  Q  J^  Trigonometry. 
4,472  divided  by  radius  6  =  0,745333,  which  is  the  natural  cosine  of 
41'  49'  2",  and  0  F  divided  by  G  0  =  0,75  =  nat,  tangent  of  <  A  G  F 
=  36"  52'.     (By  sec.  60)  d^  X  n  X  ,002181 
,0021817-J  =  area  0  A  I  =  11,5825.     Here  i 
^  36=  62'  ^  36,8G9G7. 


Sector  GAI— AG0F  =  5,5825. 

To  Find  the  Sector  IPC. 

Because  the  angle  Q  0  F  =  90",  and  the  angle  0  G  F  36"  52',  their 

Bum  126"  52'  taken  from  180"  will  give  <  G  F  0  =  53'  8';  but  Euclid  I, 

prop.  15,  the  angle  G  F  0  =  <  1  F  C  =  53'  8',  and  F  C  =  radius  =  I, 

consequently  d'  ;=  4 ; 

And  by  section  69,  d^  X  "  X  ,00218175  ^  0,4G8iJ,  etc.; 
Or  by  T*n.  V,  longlli  of  the.arc  conesponding  to  tlie  angle  I  F  C  53'  8' 
=  53°,   13333  =  0,927351.      This  multiplied  by  J  =  i  the  radius,  will 
give  the  area  I  C  F  =  0,4G3C,  etc. 
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24  AnEA9    , 

And  from  nbove  we  have  tho  area  A  I  G  =  11,5825. 
The  sum  of  tbese  two  areas  =  aren  of  tbe  figure  G  0  A  I  C  F  G  =  12,0461 
From  this  area  deduct  the  ^  Q  0  F  fuuiid  above,  =  G 

There  remains  the  area  of  half  the  sewer  below  the  spring  of  tlie 
arch,  6,0401 

This  multiplied  by  2  gives  the  area  of  sewer  to  the  spring  of  the  nroh  ; 
that  is,  area  of  A  0  B  K  C  I  =  12,0922 

Length  of  the  curve  A  1  may  be  founil  by  Tag.  V. 
<  O  G  F  =  36=  52'  =  36",  86,  length  of  arc  to  raJius  1  =  ,053444 
radius  G  Q  =  C 

arc  A  I  =  3,920664' 

arc  t  C  from  above  =  0,927351 

length  of  arc  A  I  C  =  4,848 

2 
do.  A  1  C  K  B  =  perimeter  =  9,6% 

This  perimeter,  9,696,  if  divided  into  the  area,  12,0922,  will  give  the 
hydraoltc  mean  drplk  of  the  sewer  below  the  tpring  of  the  arch  =  1,247 
feet. 

141.      To  Find  Ike  Diatncler  0/ a  Cirdk  ivhose  Semicircular  Area  =  12,0022. 
12,0922 
2 
Area  of  required  circle  =  24,1814 
TMa  divided  by  0,T854,  will  give  the  sqaare  of  the  required  diameter^ 
80,792402,  square  root  =  diameter  =  5,560.     Hnlf  of  tho  diameter  multi- 
plied  by  3,1416  =  perimeter  of  semioircio  =  8,718.      This   perimeter 
divided  into  the  area  12,0922  ==^  hydraulic  mean  depth  1,387. 

Lei  us  Find  a  Parabolic  Sewer  equal  in  area  to  12,0922, 

142.  Abscissa  =  0,800  v'a^  0,800  v''i2/i92  =  2,803.    Bysec.133. 

yi"       3,4774 

Ordinate  = = =  3,2344. 

1,075        1,075 
Double  ordinate,  0,4688. 

Area  corresponding  to  double  ordinate  0,4688,  and  abscissa  2,303  = 
12,088. 

To  Find  FerimeteT  of  Ihis  Parabolic  Semr. 

143.  Abscissa  squared  =  (2,803)=  =  7,850809 

one-lhird  of  do.  =  2,618936 

Ordinate  squared  =  (3,2344)"  =  10,401343 

20,037098 
The  square  root  of  the  sum  =    4,575 
2 
Perimeter  of  wetted  parabola  =    9,15 
This  perimeter  divided  into  12,088,  gives  H.  M.  D.  =  1,321. 
Now  we  have  the  following  summary  : 


V  Google 


Area  filled  msci-cr,                                      12,0922        1 

2,088 

12,0022 

Deptii  of  water  in  sewer,                                     2,775 

2,803 

4,000 

Hydraulic  meanJepth  of  part  filled.              1,387 

J, 321 

1,247 

Hydrostotic  pressure  on  bottom  of  sewer 
=  depth  of  water  X  by  C21  Ilia.  X 
sectional  aren,                                           20itT  lbs.     22 

n  lbs. 

,     3241  it)g 

Hence  it  appeai-s  Hint  tlie  scouring  force,  or  bjdro 
greater  in  a  pnrnbola  than  in  tlie  semicircle,  and  greater 

in  iht 

pressure,  i 

And  tliat  the  tjJraulic  mean  depth,  and  consequently  the  discharge,  ia 
greater  in  the  parabolic  than  in  the  egg-aliaped,  and  greater  in  the  circulai- 
tban  in  the  parabolic. 

The  great  depths  required  by  the  egg-shaped,  renders  them  impracti- 
cable excepting  where  sufiicient  inclinatlans  can  be  obtained. 

The  parabolic  segments  will  give  greater  hydraulic  mean  depths  than 
circular  or  egg-shaped  segments,  and  are  as  easily  constructed  m  the  egg- 
shaped  sewers;  llierefore,  ought  to  be  preferred. 

Having  so  far  discussed  curyilineal  water  courses  or  sewers,  we  will  now 
proceed  to  the  discussion  of 


14-1.  Let  the  nature  of  tlie  soil  require  lliat  the  best  slope  to  be  given 
to  the  sides  be  that  which  makes  tlie  <  D  C  A  =  Q.  Let  tlie  required 
area  of  llie  section  A  li  1)  C  be  n,  and  h  the  given  depth,  to  find  tlie  width 
A  It  =  X. 

Let  X  =  A  B  =  E  F,  and  having  the  <  D  C  A,  we  have  its  compliment 
<  C  A  E.      iiy  Trigonometry,  h  X  cotangent  Q  =  C  13  =  F  D,  and  A  X 
cot,  Q  X  /'  =  A^  X  CO'.  Q  =  "«»■  of  tlio  triangles  CEA  +  ABFD, 
and  A  X  I  =  an>a  of  the  figure  A  E  F  !J  ;   thciefore, 
*  >:  +  U=  cot.  Q  =  a. 


s  =  -  —  h  cot.  Q.     A  general  formula,     (1.) 

Or,  I  = A  tan.  comp.  Q.  (2.) 

When  the  <  C  A  E  =  0  then  A  C,  coincides  with  A  E,  and  ~  A  cot  Q 

^  ~T-  —  ™l"e  for  rectangular  figures,  where  h  the  depth  is  limited,  aa 

in  the  case  of  canals;   but  if  it  were  required  to  enclose  the  area  a  in  a 
rectangular  figure,  open  at  top,  so  that  the  surface  will  be  a,  minimum. 
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l2 

dy 

1=  — 

^a 

=  0,     . 

dx 

x^ 

s=  — 

2a  = 

=  0, 

x  = 

l/2  a 

=  AB, 

aad 

71^"^ 

^AC 

^VT. 

then 

1/2 

i/a 

.V2 

'  =  hV2 

Here  we  have  A  B  =  5,  and  A  C  =  J!  D  =  -  .-.  perimei 

that  is,  y  = ,  and  by  differentiating  this  cxpressi; 

2s2(ix_s=(3x  — 2adx      x=ds  — 2adx 


Multipiy  tliia  by  V'^  ; 


But  i/l!  ft  =  A  B. 

ConsequenUy,  A  B  =  livice  A  C,  as  stated  in  sec.  13. 

Hnving  determined  tbe  natarnl  slope  from  observing  that  of  tlie  adjacent 
hills — and  if  no  such  bills  are  near,  it  is  to  be  determined  from  the  nature 
of  the  soil,— 

Let  A  C  ^=  required  slope,  making  nnglo  n  degrees  with  the  perpen- 
dicular A  E  ;   then  C  E  =  tangent  of  angle  n  to  radius  A  E. 

Let  J  =  secant  of  the  angle  CAB;  then  A  C  =  secant  to  radius  A  E 
and  angle  n  degrees.     See  fig.  42. 

Let  I  =  height  of  the  required  section,  and  a  =  area  of  the  required 
section  C  A  B  D,  to  find  the  height  s  and  base  A  B,  n  s^  =  area  of  the 
two  triangles  A  C  E  +  B  F  D,  because  C  B  =  n  3,  aud  A  E  =  s,  .-.  n  x* 
=  double  area  of  triangle  ACE, 

Now,  we  hare  a  —  n  x*  =  area  of  the  rectangle  A  BE  F  .-. 
^""^    =  A  B.     But  J  I  =  A  C,  and  2  a  I  =  C  A  -I-  B  D ; 
therefore,  ''~°'^-  +  2  a  x  =  pevlmeler  C  A  B  D  =  a  minimum ; 
.         a  -  n  x^  +  2  s  s'      2  s  x=  -  n  x=  -^  a      x=  .  (2  a  -n)  +  a 


and  by  differentiating  the  last  ospreasion 

4bxMi  —  2nxad]t 

we  have  d  y  =  . ~"3~ 


and  I  =  ( )  ^  A  E  ^  height,  or  required  depth.  (3.) 

When  there  is  no  slope,  A  C  coincides  with  A  E,  and  S  =  1,  and  n  =  o  ; 
then  for  rectangular  conduits  s  =  {-)  {i.) 
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Example.  What  dimensions  must  be  given  to  tlie  tmnaverso  profile  (or 
aeotion)  of  a  cnnnl,  wliose  bnniis  are  to  iiave  4(1°  slope,  and  which  is  fo 
contluet  a  quantity  of  wnter  Q.  of  7G  cubic  feet,  with  a  mean  velocitj  of  3 
feet  per  minute? — Weisbach's  Mechames,  vol.  \,  p.  444, 

Here  we  hare  the  <  D  C  A  =  40',  consequently  <  C  A  E  =  50°,  and 
tho  sectional  area  of  ligure  CABI)  =  ft  =  25  feet. 

a        A 
By  formula  3,  s  =  (;; -)  where  a  =  secaut  of  SO"  =  l,S5or24, 

and  D  =  tangent  of  50°,  l,10175i. 

2  3  =  3.111448 
n       1,1 91 754 
1.010604  divided  into  25,  gives  !8,022eG8. 

the  square  root  of  which  =  i  =  depth  A  E  =  3.COS7  =  3,605  nearly, 
and  tangent  =  1,1(11754  if  mnlliplied  by  3,609  X  3,009  =  area  of  the 
trianglGH  ACE  +  BPD  =  15,522309,  wbich  taken  from  25,  will  leave 
the  rectangle  .A  E  F  B  =  9,477091 

This  divided  by  the  height,  8,609,  gises  A  B  =  2,626 

But  3,000  X  1,101754  =  C  E  =  4,301 

and  F  D,  4,301 

Upper  breadth  C  D  =  11,228 


Bottom  A  B 
1,555724  X  3,G0i1  =  A  «  = 
and  B  II  ^ 
p  =  perimeter  =  AC-|-AB-i-BD  = 
which  is  the  least  surface  with  the  gitcii  slopes 
area  =  25  feot. 

The  results  here  found  are  the  same  as  tha.s< 
mula,  which  appears  to  uie  to  be  too  abstruse, 

145.     From  the  above,  the  following  equatio 

AE=BF  =  x  =  (---^^)^ 


2,6260 
5,G146 
5.fil46 
\.i,iiWi 
and  containing  the  given 

found  by  Weiahach's  for- 

is  are  deduced: 


S 


J 


that  the  best  form  of  Conduits  are  as  follows: 


„!A2. 


140.     Hence  it  ap] 
Circular,  when  it  is  always  filletl. 
Reclaiiffular,  that  whose  depth  ia  half  ita  breadth. 


Triangular,  when  the  triangle 
Parabolic,  when  the  depth  of 

in  accordance  with  ueciiou  1"3. 
IteclUiacal,  when  opened,  and  in  accordance  with  sec 

For  the  veiooity  and  discharge  through  conduits,  q 
of  canals,  and  calculating  the  necessary  eicavation 


iquilateral. 

ter  is  variable  and  conduit  covered,  and 
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Q  the  equalion  X  =  (-- )  ,  where  a  ^  area  of  the  given  aection,  ha'- 

ng  giien  slopes,  and  such  that  the  area  a  is  iiioloaeil  by  the  least  snrfice 
ir  perimeter  in  cantnct.  j  =  secnnt  nni)  n  '=  tangent  of  the  angle  DBF, 
r  complement  of  the  angle  of  repose  (see  fig.  42). 


«"i°;:™;',?,. 

jiiiale  of  repose 

AoBleQ 

Voi™ofi-(— ^)^ 

rerpendioulor  0  to  1 

0U°  CHI' 

<ID=  00' 

*  =  v'(") 

Itol 

45^  110' 

4r>=  00' 

^-■^'i-W 

1,5  to  1 

23=  41' 

Gfi=  40' 

^  '2,74r,287' 

2  to  1 

20°  ;!■!' 

0;-!=  30' 

s  —  I  K,'l-,^2^ 

■Ifi  to  1 

21°  48' 

68°  12' 

^  ^  ^*2;8853i8* 

3  tol 

18°  20' 

81=  34' 

^  ^  ^^iiis^iW 

3,5  to  1 

15=  50' 

74=  04' 

'""'^'a;78"2tl8Q' 

4  tol 

14=  02' 

75°  58' 

^-^^J,^i> 

5  to  1 

11=  IS' 

4S=  41' 

'   ^,8011184' 

Tcifectlj  dry  soil, 

38=  40' 

51=  IT 

^' 1,047  047^ 

JIoLst  soil. 

42=  43' 

47=  17' 

'^  ^ '  'i;806r7i' 

Very  dry  sand, 

ao=  o8' 

5iJ=  02' 

^    2,220497' 

Itje  seed. 

30=  00' 

00°  00' 

"-''fe^s.' 

Fiuc  shot. 

2o°  00' 

C5=  00' 

^       ^'2,687807' 

Finest  Khot, 

22°  SO' 

67°  80' 

^        ''^^'2,yi208s' 

Slopes  for  the  aides  of  canals,  in  yery  compact  soils,  have  IJ  base  to  1 
perpendicular;  but  generally  they  are  2  hase  to  1  perpendicular,  as  in 
the  lUiuois  and  Michigan  Canal. 

Sea  banks,  along  sea  shores,  have  slopes  whoso  base  is  C  to  1  perpen- 
dicular for  the  height  of  ordinary  tides;  base  4  to  1  perpendicular  for 
that  part  between  ordinary  and  spring  tides;  and  slopes  3  to  1  for  the 
upper  part.  By  this  means  the  surface  nest  the  sea  is  made  hollow,  so 
as  to  offer  the  least  resistance  to  the  waves  of  the  sea.  The  lower  part  is 
faced  with  gravel.  The  centre,  or  that  part  between  ordinary  and  spring 
tides,  is  faced  with  stone.  Tbe  upper  part,  called  the  swash  bank,  is 
faced  with  clay,  having  to  sustain  but  that  part  of  the  waves  which  dashes 
over  the  spring  tide  line.      (See  Erabankmnnls.) 
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PLANE    TRIGONOMETRY. 


148.  Let  tha  given  unglo  be  C  A.  B'  (fig.  9).     Let  A  B  =  c,  C  B  —  a, 
and  A  C  ^=  D,  be  tbe  given  parts  ia  tlie  right  aogled  trinugle  A  C  B. 

149.  Rttdias  =  A  B'  =  A  C. 

150.  Sine  <CAB'^CB  =oosineof  theoomplement  =  009.  <ACD. 

151.  Cos.  <CAB  =  AB  =  aine  of  the  comp.  of  <  C  A  B  =  Hins 
<ACB. 


ui.  of  its  complement  - 
sec.  of  its  compleqient  =  coseo. 
omp.  =  sec  <  C  A  H. 


< 


151,     Secant  <  C  A  B'  =  A  T  =  cos 
<H  AC. 

155.  Cosecant  <CAB'  =  AK  =  Bt 

156.  Versed  aine  <  C  A  B'  =  B  B'. 

157.  Coverseil  sine  <;C  A  B'  =^  H  I  :^  versed  sine  of  its  complement. 
168.     Chord  <  C  A  B'  =  C  B'  =  twice  the  aine  of  i  the  <  C  A  B'. 
158a.     Complement  of  fld  angle  is  whnt  it  wunts  of  being  90". 

158ft.     Sapplement  of  an  angle  ia  whnt  it  wants  of  being  180°. 
158c.     Arithnieljcnl  complement  is  Ihe  log.  sine  of  nn  angle  laken  from 
10,  or  begin  nt  left  hand  and  anbtract  from  9  each  ligure  but  tbe  taat. 


irhich  take  fro 


.10. 


159.     Let  A  C  B  (fig.  9)  represent  ft  right  angled  triangle,  in  which  A  B 
=  0,  B  C  =  B,  and  A  C  =  b,  and  A,  B,  C,  the  (riven  angles. 


Sec.  A  =  - 
And  tlie  sides  can  be  found  m  follows: 
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Examples.     Let  A  C  ^  the  hypothenose  =  480,  and  the  angle  »t  A 
63°  8',  to  find  tlie  bnseAB  and  perpendicular  A  C. 

By  Bee.  168,  natural  sine  of  <  A  ,8000  —  departure  of  53°  8' 
AC        =480 
B  C  =  a  =   B84  =  product. 
Or  by  logaritlims : 
Log.  dine  of  <  A  (53°  8')  =  8,9031084 

Log.  of  b  =  log.  of  480  2,6812412 

B  C  =  384  =  2,5843496 
And  by  having  the  <  A  =63°  8'.-.  the  <C  =  36°  62'. 

Nat  Bine  of  36°  52'  =  ,6000  Olhtrtiriie, 

A  C  =     480  36°  52'     Log.  sine  =  9,7781186 

A  B  =  280  =  product.  Log.  of  480  =  2.6812412 

288  Dearly  =  2,4693598 
or  287,978  =  A  B. 

171o.     Let  the  side  B  C  =  a  =  384,  and  the  angle  C  =  30°  62'  be  given 
to  fiod  e,  b,  and  the  angle  A. 

90°  —  86°  52'  =  <  A  =  53°  8', 

uid  a  tan.  C  =  c,  that  ia  884  X  0,7499  =  A  B  =  288  nearly. 

171&.     Let  the  sidea  be  given  to  find  the  angles  A  and  G. 

a  884 

Sine  A  =  -  (per  Eeo.  160)  =  j^  =  0,8000  =  53°  8'  nearly. 

b  480 

See.  A  =  -  (per  eee.  166J  =  —  =  1,6666  =  68°  8'  nearly. 

Co«.A=-(pw  see.  161)=-— =0,6000  =  53°  8' nearly. 

Tan.  A  =  *  (per  aeo.  162)  —  r--  =  1,3833  =  63°  8'  nearly. 

In  like  maDoei  the  angle  C  may  be  fonnd. 

Tfaese  example*  are  sufficient  to  e&able  the  sarvefor  to  find  the  sides 
and  angles. 

lit  eatcvlations  may  be  perTormed  by  logarithms  as  follows : 
liog.  a  ^  +,  etc. 
Log.  b  =  — ,  eto. 
Sine  of  angle  A  Log.  sine  of  <  A. 
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ITle.     The  foUowiag  aie  the  algebrftie  vftlues  for  the  fonr  quadrMite; 


Coaine, 

Tangent, 

Cotangeot, 

Secant, 

Cosecant, 

Versed  eine, 


0° 

scf 

180° 

27<f 

Sine, 

0 

1 

0 

—  ] 

CoBine, 

1 

0 

—  1 

0 

Tangent, 

0 

inf 

0 

inf 

Cotangent, 

iaf 

0 

inf 

0 

Secant, 

1 

inf 

-I 

inf 

Cose<»nt, 

inf 

] 

inf 

—  I 

VMBeddne, 

0 

I 

2 

1 

JVofe.  Here  the  aymbol 
n/Bignifies  a  qnantitf  whiah 
s  infinitely  great 


172.  a»  =  b*  +  c"  —  2  b  0  .  (ob.  A. 

173.  b*  =  ft^  +  o»  —  3  a  c  •  cos,  B. 

174.  0*  =  a"  +  b»  —  2  a  b  .  COB.  0. 

Now,  ^M  172,  178,  and  17^  ire  find  the  c 
andC. 

b"  -f  o»  —  a* 

175.  Cos.  A  = -— 

a»  +  c»  —  b» 

176.  Cob.  B  = !-— 


177.  Cos.  C  =      ■ And  by  Bubstituldng  s  =  }  the  si 

the  three  ^des  =  }  (a  -{-  b  -|-  c),  we  &ad— 

178.  Sine  A  =  j-  i/s  •  (s  —  a)  •  (a  —  b>  •  (s  —  o) 
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-b). 

(a  — c) 

B.{S 

-a) 

86. 

—  ft). 

>-o) 

8.(8 

-b) 

-«.). 

3  — b) 

B.(9- 

-c) 

-b). 

(s  — o) 

b 

-v-V^ 

-n|. 

s  — b) 

ao 

Sft 

8i.«^-> 

—  a). 

s— b) 

We  can  End  in  terma  of  Bine— 


:90.     Eacliua  of  the  inscribed  circle  in  u  triangle  ^=  r  = 

which  is  tbe  ssme  as  giren  ii 


.(,-^.,).(a-ti).(=- 


,_a).(s-b).(s-c)p- 
.92.     By  assuming  D  =  the  distance  belween  the  centres  of  the  in- 
scribed and  cLroumscribed  circles,  we  have  D'  =  R^  —  2  R  r,  and  D  = 
(RS— 2  Rr)* 

193.     Area  of  a  quadrilateral  figure  inscribed  in  a  circle  ia  equal  lo 
{(a— a).(3  — b).  (9  — c).(a— d)}*'  where  s  ia  eijual  to  Ihe  aum  of 


nother  at  the  Sinia  of  their  Oppotiit  Angla. 


le  C.     And  by  allemando — 


aine  C.     And  by  iniitrtenio — 
le  C  :  e. 


1^ 


Having  two  Sides  and  l/itir  contained  Angle  giiien  to  Find  the  other  Sidt 
and  Ai-gUs. 

203.  Rule.  The  «um  of  the  two  sidea  is  lo  their  difference,  ne  tbe 
tangent  of  half  the  sum  of  tbe  opposite  angles  ia  to  the  tangent  of  half 
thdr  difference ;  i.  <.,  a  -|-  b  :  a  —  b  : :  tan.  j  (^  +  ^J  •'  t<>»-  i  (^  —  ^)' 
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Here  ft  U  asBumed  greatar  than  b .- .  the  <  A  is  greater  than  B.— ^.  I.,  19. 
(See  fig.  12.)  « 

Now,  having  half  the  difference  and  half  the  sum,  we  can  find  the  greater 
and  lesser  angles  of  those  required  for  hnlf  the  sum,  added  to  half  the 
difference  =  greater  <,  and  half  the  difference  taken  from  the  half  Bum 

Whm  the  Thru  Sida  o/tht  Triatigk  an  given  to  Find  the  AngUi. 

205.  Bale.  As  tTice  the  base  or  longest  side  A  C  =  b  is  to  the  other 
two  sides,  so  \s  the  difference  of  these  two  aides  to  Ihe  distance  of  a  per- 
pendicular from  the  middle  of  the  base;  that  is,  2  b  ;  a  +  c:ro— c:DE. 

Here  B  D  ia  the  perpendicular,  and  B  E  the  line  bisecting  the  base; 
because  B  C  =  a  ia  greater  than  A  B  =  c,  C  D  is  greater  than  AD;  be- 
cause  <  A  is  e«"ter  than  <  C.  the  <  A  B  D  ia  less  than  <  C  B  D ; 
therefore,  the  area  of  the  ^  C  D  B  is  greater  than  /\  A  D  B ;  conseqnentlj, 
the  base  C  D  ia  greater  than  A  D. 

Let  D  E  =  d  ;  new  the  A  A  ^  C  is  diviiied  into  two  right  angled  tri- 
angles A  B  D  and  C  B  D,  having  two  sides  and  an  angle  in  each  given  to 
find  the  other  angles.  C 

In  the  A  A  I!  !>  '^  P'^^'°-  A  D  =  ^  —  d  =  —^ — 

b  b  +  2d 

AndAC  =  c,  nndBC=a.  ondCD  =  -  +  d=— -^ — 

b  —  2  d 
Bj  sec.  161,  cos.  A  =  — - — -     And  in  like  manner, 


Cosine  A  may  be  found  bj  aeo.  175,  and  cosine  C  by  aeo.  177, 

205.     BxampU.     Let  the  <  A  =  40°  (fig.  5),  <  B  =  50°,  and  the  side 
B  C  equal  to  61  chains,  to  find  tlie  side  A  C. 
By  >eo.  ]S4.  sine  U^  :  U  chRiaa  : :  sine  M°  :  i 
Mat.  sine  60=  -  0,7B'Jt 

Mat.  number  =        « 

Prodact  =  49.0a;56 

Hal.  sine  «P  -0,64379 

QuotieDt,'8,272  =  AC. 

Nat.  No.  -  76,272  ctiaini 
Id  like  manner,  by  the  same  section,  A  B  may  be  found,  because  auglet 
A  nnd  B  together  =  90=  ..  -  <  C  =  90«. 

207.     In  the  A  A  B  C  (fig-  12).  let  the  angle  A  =  40»,  ang'e  B  =■  eO", 
consequently,  <  C  =  80.     Let  B  C  =  64,  to  find  the  side  A  C. 
M«t6lne60°      =   0.9S62  O, 

Nat.  number  M      Log.  sine 

Product,  -  55,4i&-28         °^' 
Nat,  Blue  M'      =    0,64279      Sum 


" 

9,937531 

11,74371 t 

- 

l.a36M3 

Los.  'lie 

=   9,987581 

Log. 

-   1,80618» 

-   0,191982 

<r    1.98JM3 

-86,a3 

A  B  may  be  found  by  sec.  200. 
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NoU.  Here  »r.  ootnp.  eignifiea  aritlmiBtioal  complement.  It  is  log.  ain« 
40°  tskenftora  10  (aeB^o.  168  c),  or  it  is  the  cosBoant  of  40°. 

Qivtn  Tko  Sida  and  the  Contained  Angle  to  Find  the  Other  Parti. 

208.  Example,  let  A  C  =  120,  B  C  =  80,  and  <  A  C  B  =  40°,  to 
find  the  other  side,  A  B,  and  angles  A  and  B. 

Bj  sec.  203, 120  +  80  :  120  —  80  : :  tan.  70° :  tangent  of  the  half  differ- 
ence between  the  angles  B  ood  A. 

^  <.,  200 :  40  ; :  ton.  70°  :  tan.  J  dif.  B  —  A. 

i.  e.,  6  :  1  ::  2,747477  r  0,549495  =  28°  47'. 

.-.  70°  +  28°  47'  =  98°  47'  =  <  B. 

And  70°  —  28°  47°  =  41°  13'  =  <  A. 

B?  8B0.  194,  sine  41°  13' :  80  : :  sine  40  :  A  B. 


Hat.  elne  40° 
Sat  number  80 


0,64279 


Log,  Bi 


Mat.  dne  0°  IT'      0,6B8B1 
Quotient,  78,043  -  A  B. 


=  78,043  =  A  B 


Orlliui: 
Log.  Bine  40°  8,808068 

Log.  80  1,»C3D90 

At.  comp.  40°13'=0,18in5 


Given  the  Three  Sidu  to  Find  the  Anglee. 

209.     Example.     A  B  =  b  =  142,02,  A  C  =  o  =  70,  and  B  C  = 
104,  to  find  the  angles  at  A,  B  and  C.    (See  fig.  5.) 

!  D  E  =  20,828 
=  71,010 

SI, 888  =  cos,  <  A  X  A 
50,182  =  oofl,  <  B  X  B 
16885  =  008.  <A  =  44»12' 
COS.  <  C  =  27°  69' 


Therefore,  A  E  = 
And  BE  = 

ConseqoenUj  50,182  -(-  70  = 
uid  91,888  -i-  104  =  0,8830i 


HftTing  the  angles  A  and  C,  the  third  angle  i 

Or  thus  b;  sec.  176 : 

tfl  ==  (142,02)*  =  2016fi,6804 
»»  =  (104) »  10816, 


WMoh  is  the  eosine  of  the  <  C  =  27°  69' 
310.    Or  thus  by  sec.  183 : 


Hosted  by 


Google 


log.  =2,1986846 

log.  =  1,9445320 

IT.  oomp.  7,9829667 

b  =  142,02,  log.  2,1528495,  ar.  oomp,  7,8476505 

2)19,9738338 

Cob.  1<  C  =  IS"  59'  36"  =  log.  sine  9,986169 

•  .■ .  the  angle  A  =  27°  6S'  12". 

In  like  manner,  cos.  }  <  B  may  be  found  by  see.  176. 

The  same  reaults  could  be  obtaiaed  by  using  the  formalas  in  sectiona 


HEIGHTa   AND   DISTANCES. 

211.  Iq  chaining,  the  surveyor  is  supposed  to  have  his  chain  daily 
eorreoCed,  or  compared  vith  bis  sti.ni]aril.  He  uses  ten  pointed  arrowi 
OT  pins  of  iron  or  steel,  one  of  nbich  baa  a  ring  two  inches  in  diameter, 
on  which  the  other  nine  are  carried  ;  the  other  qidb  have  rings  one  inch 
in  diameter.  The  rings  ought  to  be  Boldored,  and  have  red  cloth  sewed  on 
them.  He  carries  a  small  aie,  and  plumb  bob  and  lioe,  the  bob  having  a 
long  steel  point,  to  be  either  stationary  in  the  bob  or  screwed  into  it,  thus 
enabling  the  surveyor  to  carry  the  point  witbout  danger  of  cutting  his 
pocket.  A  plumb  bob  and  line  is  indispeoeable  in  erecting  poles  and 
pickets;  and  in  chaining  over  irregular  surfaces,  etc.,  he  is  to  have  steel 
shod  poles,  painted  whit«  and  red,  marked  in  feet  from  the  top  ;  Sags  in 
the  shape  of  a  right  angled  triangle,  the  longest  side  imdor;  some  flags 
red,  and  some  white.  For  long  distances,  one  of  eaoh  to  be  put  on  the 
pole.  For  ranging  lines,  fine  pickets  or  white  washed  latbs  are  to  be  used 
set^p  BO  that  the  tops  of  them  vill  be  in  a  line.  Where  a  pole  has  to  be 
Dsed  as  an  observing  station,  and  to  which  other  lines  are  to  be  referred, 
it  would  be  advisable  to  have  it  wbite-washed,  and  a  white  board  nailed 
near  the  top  of  it. 

His  field  books  will  be  numbered  and  paged,  and  have  a  copious  index 
in  each.  In  his  office  he  wUl  keep  a  general  index  to  his  surveys,  and  also 
an  index  to  the  various  maps  recorded  in  the  records  of  the  county  in  which 
he  from  time  to  time  may  practice.  In  his  field  book  he  keeps  a  movable 
blotting  sheet,  made  by  doubling  a  thin  sheet  of  drawing  paper,  on  which 
he  pastes  a  sheet  of  blotting  paper,  by  having  a  piece  of  tape,  a  little  more 
than  twice  the  length  of  the  field  book.  The  sheet  may  be  moved  from 
folio  to  folio.  One  end  of  the  tape  is  made  fast  at  the  top  edge 
and  back,  brought  round  on  the  outside,  to  be  thenee  placed  over  the 
blotting  sheet  to  where  it  is  brought  twice  over  the  tape  on  tbe  outside, 
leaving  about  one  inch  projecting  over  the  book.  He  has  offset  poles, — 
one  of  ten  links,  decimally  divided,  and  another  of  ten  or  six  feet,  similarly 
divided,  mounted  with  copper  or  brass  on  tbe  ends.     One  handle  of  the 


il  Google 


S6  aiioHTi  Am 

Dhuin  to  baTB  a  luTge  irtA  link,  with  n  nut  and  screw,  so  as  to  adjust  the 
ohfiin  when  the  corrBCtion  is  less  than  n  ring,  Bj  ihia  contriTnnoo  the 
elmin  can  be  kepi  of  the  exiiot  length.  Some  surveyors  keep  their  chains 
to  the  eiiiot  stundnrd,  bnt  moat  of  them  allow  the  tliiokness  of  an  arrow, 
to  ooaoternot  an?  deflections— tb at  is  allowLog  one-tenth  of  an  loch  to 

In  surrejing  in  towns  and  cities,  where  the  greittest  acouracj  is  required, 
the  beet  plan  is  to  have  the  ohain  of  the  einct  length,  and  the  fore  eliain 
bearer  to  dniw  a  line  at  (he  and  of  the  cliain,  and  mark  (he  place  of  the 
point  at  the  raidJle  of  the  handle.  Turn  the  arrow  so  as  to  make  a  small 
hole,  if  in  a  plank  or  stone ;  if  in  the  earth,  hold  the  handle  Terticaily, 
BO  as  to  miike  the  rairk  on  the  handle  come  to  the  side  of  the  arrow  oeit  , 
the  hind  chainmnn.  Where  permanent  buildings  are  to  he  lo  en  ted,  sur- 
veyors use  a  fifteen  feet  pole,  made  of  Norwav  pine,  and  deciraaU/  marked. 
This,  with  the  plumb  line,  will  insure  the  greatest  accuracy. 

In  locating  buildings,  the  surveyor  gives  lines  five  feet  from  the  wftt«r 
table,  so  as  to  enable  cellars  or  fouiiilations  to  be  dug.  When  the  water 
table  is  laid,  Ihe  surveyor  oui-Af  to  go  on  Ihe  ground  aud  measure  the  distance 
from  the  water  table  aud  face  of  the  wjiUs  from  the  true  side  or  sides  of 
the  street  or  streets  and  sides  of  the  lot. 

In  making  out  his  plan  and  report  of  the  survey,  he  ought  to  state  the 
date,  chaiumen,  the  builder  and  owner  of  the  lot  and  building,  at  what 
point  he  began  to  measure,  and  his  data  for  making  the  survey.  A  copy 
of  this  he  file^  In  Uis  office,  in  a  folio  volume  of  reooi-ds,  and  another  is 
given  to  hini  for  whom  the  survey  has  been  made,  on  the  receipt  of  his 
fees.  If  any  of  his  base  lines  used  in  measuring  said  hind  pass  near  any 
permanent  object,  he  makes  a  note  of  it  in  his  report. 

In  chaining  in  nn  open  country,  he  leaves  a  mark,  dug  at  every  ten 
chains,  made  in  the  form  of  an  isoGcles  triaugle,  the  vertei  indicating  the 
«ad  of  the  ten  chains,  or  1000  feet  or  links.  Out  of  the  base  cut  a  small 
piece  about  two  by  four  inches,  to  show  that  it  is  a  ten  chain  mark,  and 
to  distinguish  it  from  olher  marks  mada  near  crossings  of  ditches,  drains, 
fences,  or  stone  walls.  Some  of  the  best  surveyors  I  have  met  in  the 
counties  of  Norfolk,  Suffolk  and  Essex,  in  England,  amongst  whom  may 
rank  Messrs.  Parks,  Moltoa  and  Eauies,  hod  small  pieces  of  wood  about 
six  inches  long,  split  on  the  top,  into  which  a  folded  piece  of  paper,  con- 
taining tbe  line  and  distance,  W4S  inserted.  This  was  put  at  the  pickela. 
or  triangular  marks  made  in  the  ground,  and  served  to  show  the  surveyor 
where  other  lines  closed. 

In  woodland,  drive  a  numbered  stake  at  every  ten  chains.  In  open 
country,  note  buildings,  springs,  water  courses,  and  every  remarkable 
object,  and  take  minute  measurements  to  such  as  may  come  within  one 
hundred  feet  of  any  boundary  lines,  for  fuiare  refcrenee. 

In  laying  out  town)  and  villages,  stones  4  feel  long  and  6  inches  square, 
Bl  least,  ought  to  be  put  at  every  two  blociis,  either  in  the  centre  of  the 
■treeU,  or  at  convenient  distances  from  the  corners,  such  as  five  feet; 
■  the  latter  would  he  best,  as  paving,  sewerage,  gasworks  or  public  travel 
would  not  interfere  with  Ihe  surveyor's  future  operations.  All  the  angles 
from  stone  to  stone  ought  to  be  given,  and  these  angles  referred,  if  possi- 
ble, to  some  permanent  object,  such  as  the  corner  of  achuroh  tower,  steepla, 
or  brick  building ;  or,  as  in  Canada,  refer  them  to  the  true  meridian. 
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Thia  latter,  although  tronblesome,  U  the  most  mfalltble  method  of 
perpetuating  these  angles.  When  the  hole  is  dug  for  the  stooe,  the 
position  of  its  centre  is  determined  by  means  of  a  plumb  line ;  a  BmsU 
bole  is  then  made,  ioto  vrhich  broken  delf  or  slags  of  iron  or  charooal  is 
put,  and  tlie  same  noted  in  tbe  surreyor's  report  or  proces  verbal.  These 
preoautions  will  forever  preTeQt99'100tb  parts  of  the  litigations  tbat  now 
take  place  in  our  courts  of  justice.  The  of&ce  of  a  surveyor  being  as  re- 
sponsible as  it  is  honorable,  lie  ought  to  spare  no  pains  or  eipense  in 
acquiring  a  theoretical  and  practical  knowledge  of  his  piofeaaion,  and  to 
be  supplied  witb  good  instruments.  Where  a  difference  exists  between 
them,  it  ought  to  be  their  duty  to  make  a  joint  survey,  and  thus  prevent  a 
lawsuit  This  appears  indispensable  whea  we  consider  the  difficulty  of 
finding  a  jury  who  m  capable  of  forming  a  correct  judgment  in  disputed 

When  in  tiioodland,  we  mark  trees  near  the  line,  blazing  front,  rear, 
and  the  aide  next  the  line,  and  cutting  in  the  side  aeit  tbe  line,  a  notch 
for  every  foot  that  tbe  line  is  distant  from  the  tree,  wbibh  notches  ought 
to  be  lower  than  where  the  trees  will  be  cut,  so  as  to  leave  the  mark  for 
a  longer  time,  to  be  found  in  the  stumps.  State  the  kind  of  tree  marked, 
its  diameter,  and  distance  on  tbe  line.  Where  a  post  is  set  in  wood- 
land, take  three  or  fonr  bearing  trees,  which  mark  witb  a  large  blaie, 
facing  the  post.  Describe  the  kind  of  each  tree,  its  diameter,  bearing, 
and  distance  from  the  poat.     For  furtber,  see  United  States  surveying. 

In  order  to  make  an  accurate  survey,  the  aurveyor  ought  to  have  a  good 
transit  ihatrument  or  theodolite,  as  Ike  compaai  cannot  ie  relied  on,  ov/ing  to 
Ike  conilani  changing  o£  the  position  of  the  needle.  By  a  good  theodolite,  the 
Snrveyor  ia  enabled  (o  €nd  the  true  time,  latitude,  longitude,  and  variation 
of  any  line  from  the  true  meridian.  If  packed  in  a  boi,  covered  with 
leather  or  oiled  canvas,  it  Can  be  carried  nith  as  little  inconvenience  as  a 
soldier  carries  hia  knapsack,— only  taking  care  to  have  the  box  so  marked 
as  to  know  which  side  to  be  uppermost.  The  box  ought  to  have  a  space 
large  enough  to  hold  two  small  bull's  eye  lamps  and  a  square  tm  oil  can ; 
this  space  is  about  9  inches  by  3,  Also,  a  place  for  an  oil  cap  covering  for 
the  instrument  in  time  of  rain  or  dust;  two  tin  tubes,  half  an  inch  in 
diameter  and  hve  inches  long ;  with  some  white  lead  to  clean  tbe  tubes 
occasionally.  These  tubes  are  used  when  taking  the  bearing  of  a  line  at 
night,  from  the  true  meridian.  One  of  the  tubes  is  put  on  the  top  of  a 
small  picket,  nr  part  of  a  small  treo :  this  we  call  the  toll-tale.  The  other 
Is  made  fast  to  the  end  of  a  pole  or  picket,  and  set  in  direction  of  the  re- 
quired line,  or  line  in  direction  of  the  pole  star  when  on  the  meridian,  or 
at  Its  greatest  eastern  or  western  elongation.  Some  spider's  wob  on  % 
tbick  wire,  bent  in  the  shape  of  a  horse  shoe,  about  aii  inches  long  and 
two  and  a  half  inches  wide,  having  the  tops  bent  about  a  third  of  an  inch, 
and  a  lump  of  lead  or  coil  of  wire  on  the  middle  of  the  circular  part.  Thii 
put  in  a  small  box,  with  a  slide  a  fourth  of  an  inch  over  the  wire,  so  a* 
to  keep  tbe  neb  clean.  Have  a  smalt  phial  full  of  shellao  varnish,  to  put 
in  cross  liaira  when  required.  In  order  to  have  the  instrument  in  good 
adjustment,  have  about  two  pounds  of  quicksilver,  which  put  in  a  trough 
or  on  a  plate,  if  you  have  no  artificial  horizon.  In  order  to  bare  the 
telescope  move  in  a  vertical  position,  place  the  instrument,  leveled,  ao  tbat 
you  can  see  some  remarkable  point  above  the  horizon,  and  reflected  in 
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the  mirror  or  qniokailyer.  Ai^uBt  the  telescope  so  its  to  move  Tertieally 
through  tbesB  points.  Mark  oq  (he  lid  of  the  boi  the  indei  error,  if  any, 
with  the  Bign  +,  if  the  error  is  to  be  added,  and  — ,  it  it  is  to  be  snb- 
tracted. 

On  the  last  page  of  each  field  book  peDCil  the  following  qaeationa,  which 
read  before  leaying  home :  Have  I  the  true  time,— DeoeHsary  eitracts  from 
the  Nautical  Almanac,— latitude  and  longitude  of  where  the  suryey  is  to 
be  made,— eipenaes,  aiea,  flags,  poles,  instrument,  tripod,  keys,  necessary 
clothing,  etc., — field  notes,  sketches,  and  whatsoever  I  generally  carry 
with  me,  ftocordiag  lo  the  nature  of  the  survey.  It  ought  te  be  the  duty 
of  one  of  the  chainmen  every  morning,  od  sitting  to  breakfast,  to  say, 
"  Wind  your  chTonometer,  sir."  These  precautions  will  prevent  many  mis- 
takes. The  surveyor  ought  to  carry  a  pocket  case  filled  with  the  necessary 
medicines  for  diarrhcea,  dysentery,  ague  and  bilious  fever,  and  some  salves 
and  lint  for  cuts  or  wounds  on  the  feet;  some  needlea  and  strong  thread, 
and  all  things  necessary  for  the  toilet ;  a  copy  of  Simma  or  Heather  on 
Mathematical  InsttnmenlA,  and  McDermott's  Manual,  and  the  surveyor  is 
prepared  to  set  out  on  his  eipedition.  If  it  so  happens  that  he  ia  to  he 
a  few  daja  from  home,  he  ought  to  have  drawing  instruments  and  cart- 
ridge paper,  on  which  to  make  rough  outlined  maps  every  night,  after 
■  which  he  inks  his  field  notes.  He  makes  no  erasures  in  hia  report  or  field 
notes.  When  he  oommils  an  error,  he  draws  the  pen  twice  over  it,  and 
writea  the  initials  of  his  name  under  it.  This  will  cause  his  field  book  to 
be  deserving  of  more  credit  than  if  it  had  erasnres.  The  surveyor  onght 
to  leave  no  cause  for  suspecting  him  to  have  acted  partially. 

212.     Let  it  be  required  at  station  A  (fig.  12)  to  c 

find  the  <  B  A  C,  where  the  points  B  and  C  an 
long  distances  from  A.  Let  the  telescope  he  diree 
to  C,  and  the  limb  read  0.  Move  the  telescope  to 
let  the  limb  now  be  supposed  to  read  20°  -\-.  Dir 
the  whole  body  with  the  indei  at  20  +  on  C,  clamp 


the  under  plate  and  looaen  the  upper.  Bring  the  A  fig-  12. 
telescope  again  on  B,  reading  40"  +.  Repeat  the  same  operation,  bring- 
ing the  tfllescopc  a  third  time  on  B,  and  reading  00=  23',  which  being  three 
times  the  required  angle, .-.  the  <  B  A  C  =  20°  7' 20". 

By  this  means,  with  a  five  inch  theodolite,  angles  can  he  taken  to  within 
twenty  or  thirty  seconds,  which  is  eqnal  to  sii  inchea  in  a  mile,  if  read  to 
twenty  aeoonds.  In  setting  ont  a  range  of  pickets,  one  of  the  cross  hairs 
onght  to  be  made  vertical,  by  bringing  it  lo  hear  on  the  comer  of  a  building, 
on  a  plumb  line  suspended  from 'a  tree  or  window.  The  plumb-bob  ought 
to  be  in  water  to  prevent  vibration.  Two  corresponding  marks  may  be 
out, — one  on  the  Ys  and  the  other  on  the  telescope.  These  two  murks 
when  together,  indicate  that  the  vertical  hair  is  adjusted.  Where  the 
nuTByor  has  an  artificial  horizon  or  quicksilver,  he  can,  by  the  refleo- 
UoD  of  the  point  of  a  rod  or  stake,  or  any  other  well  defined  point,  ad- 
just the  vertical  hair,  and  lien  mark  the  Y  and  telescope  for  future 
operatioDa. 

218.  All  the  interior  angles  of  any  polygon,  together  with  four  right 
MgloB,  are  equal  to  twice  as  many  right  angleg  u  the  figure  has  sidee. 
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ExarapU.     Interior  angles  A,  B,  C,  D,  E,  F  =  n' 
4  right  angles,  3e0 

Sum  =  n"  +  360° 

Number  of  eidea  =  6  .-.6X2  right  angles  =      1080= 
By  Bubtraotion  n'  =        TSO" 


Having  the  Interior  Angles,  to  Seduce  them  to  CiTeamferentor  Bearing!,  and 
thence  to  Quarter  Compass  Searings. 

214.  Assume  aitf  line  whoae  circumferentor  bearing  is  giTea.  Alrcayt 
keep  the  land  on  the  right  as  you  proceed  to  determine  the  bearings- 
Sale  1.  If  the  angle  of  the  Held  is  greater  than  160  degrees,  take  ISO 
from  it,  and  add  the  remainder  to  llie  bearing  at  the  foregoing  atatiOD. 
The  sum,  if  less  than  360  degrees,  will  be  the  circumferentor  bearing  at 
the  present  station— that  ia,  the  bearing  of  the  neit  line  (forward).  But 
if  the  aum  be  more  (ban  360°,  take  360  from  it,  and  the  remainder  ftill  be 
the  present  bearing. 

Rule  2.  If  the  angle  of  the  field  be  less  than  180,  take  it  from  180,  and 
from  the  bearing  at  the  foregoing  atation  take  the  remainder,  and  you  will 
haTe  the  bearing  at  the  present  station.  But  if  the  bearicg  at  the  fore- 
going station  be  leas  than  the  Grat  remainder  te  this  foregoing  bearing, 
add  860,  and  from  the  sum  subtract  the  first  remainder,  and  this  laet  re- 
mainder will  be  the  present  bearing. 


To  Seduee  Cireiim/eTaitor  Bearings  Ui  Quarter  Compass  Bearingl. 

Rule  3.  If  the  circumferentor  bearings  are  leas  than  90,  they  are  that 
number  in  the  N.  W.  Quadrant. 

Sulc  4.  If  tie  circumferentor  bearings  are  between  90  and  180,  take 
them  from  180.     The  remainder  ia  the  degrees  in  the  S.  W.  Quadrant. 

Sule  6.  If  the  degrees  are  between  180  and  270,  take  180  therefrom, 
and  the  remainder  is  the  degrees  in  the  S.  £■  Quadrant. 

Rule  6.  If  the  circumferentor  bearing  is  between  270  and  360,  take 
them  from  360,  and  the  remainder  ia  the  degrees  in  the  N.  E.  Quadrant 

RiOt  7.     360,  or  0,  is  N.,  180  is  S.,  90  is  W.,  and  270  ia  E. 

These  rules  are  froni  Gibson's  Sorvejing,  one  of  the  earliest  and  best 
worts  on  practical  enrTejing.  Why  so  many  editions  of  hia  Surreying 
haxe  been  published  omitting  these  nilea,  plainly  shows,  that  too  many 
of  our  works  on  aurvejing  have  been  published  by  persons  having  bnt 
little  knowledge  of  what  the  practical  aurteyor  actnally  requires. 

We  will  give  the  same  aiample  aa  that  giren  by  Mr.  Gibson  in  the  un- 
abridged Dublin  edition,  page  269 : 

The  following  example  ahows  the  angles  of  the  field,  and  method  of 
reduction.     The  bearing  of  tlie  firat  line  is  giTen  =:  262  degrees. 
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Etftt'D. 

a- 

Cir.  B, 

Q-as. 

1   A 

159 

3  B 

200 

200  —  180  =  20,  262  +  20 

=  282  = 

N.E,78 

3   C 

270 

270  —  180  =  90,282  +  90  =  872,872- 

-860=   13  = 

N,W.12 

4  D 

80 

180  —  80  =  100,12  +  360  =  372,372  — 

100    =272  = 

S.E.88 

6  E 

98 

180-98  =  82,272-82 

=  190  = 

S.  E.  10 

6  F 

100 

180  —  100  =  80,  190  —  80 

=  110  = 

S.W.TO 

7  G 

230 

280  —  180  =  50,110  +  60 

=  160  = 

S.W.20 

8  H 

90 

180  —  90  =  90,  160  —  90 

=   70  = 

K.W-70 

9  I 

82 

] 80—82  =  98,  (70  +  360~B8)  =  430 

—  98=332  = 

N.E.28 

10  K 

191 

191  —  180  =  11,  832  +  11 

=  343  = 

N.E.  17 

11  L 

120 

180  —  120  =  60,348  —  60 

=  283  = 

N.E.T7 

Sum,  1620 

Add,     360 

180-159-21,283-21 

=  262  = 

S.E.82 

90  X  11  X  2  =  1980,  which  proves  that  the  angles  of  the  field  have  been 
oorrectly  taken.  Also  finding  262  to  be  the  same  as  the  bearing  first  taken 
by  the  needle,  is  another  proof  of  the  oorrectQesa  of  the  work. 

215.  HaviDg  selected  one  of  the  sides  as  meridian,  for  example,  a  line 
that  19  the  most  easterly.  This  may  be  called  a  north  and  south  line ; 
the  north,  or  300,  or  zero,  being  the  back  station,  and  180  the  forward 
station.  Let  the  angles,  as  yon  proceed  round  the  land,  kifping  it  on  the 
Tight,  be  A,  B,  G,  D,  E,  and  let  the  line  A  B  be  asanmed  N  and  S.  A  = 
north  and  B  ^:  soutii.  Then  the  circumferentor  beaiing  of  the  line  A  B 
from  station  A,  is  =  180°.  If  the  suryejor  begins  on  the  east  side  of  the 
land,  and  sets  his  telescope  at  lero  on  the  forward  station,  and  then  clamps 
the  body,  be  then  turns  it  on  the  back  station.  The  reading  on  the  limb 
will  be  the  interior  angle.  But  if  the  telescope  be  first  dii^ected  to  the 
back  station,  and  then  to  the  forward  station,  the  difference  of  the 
readings  will  be  the  exterior  angle  of  the  field,  which  taken  from  860  will 
be  the  interior  angle. 

The  circumferentor  is  numbered  like  the  theodolite,  from  north  to  east, 
thence  eoulh-west,  etc.,  to  the  place  of  beginning.  But  the  bearings  found 
by  the  circumferentor  are  not  the  same  as  those  found  by  the  ordnance 
■oirey  method,  where  any  line  is  assumed  as  meridian,  as  A  B. 
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216.  The  following  method  is  that  which  has  been  used  on  the  ordnance 
■urrey  of  Ireland: 

Assume  any  line  as  meridian  or  base,  ao  as  to  keep  the  land  to  be  sur- 
veyed on  the  left  as  you  proceed  around  the  tract  to  be  surveyed.  Let  the 
above  be  the  required  tract,  whose  angles  are  at  A,  B,  C,  D,  E,  F,  Q,  H,  1, 
E  and  L.  In  tating  the  inteHor  angles  for  to  determine  the  circnmferentflr 
bearings,  the  land  is  kept  on  the  right;  but  by  this  method  the  land  is  kept 
on  the  left.  To  determine  bj  this  method  all  the  interior  anglea,  we  pro- 
eeed  from  A  to  L,  L  to  K,  K  to  I,  I  to  H,  H  to  a,  G  to  F,  F  to  E,  E  to  D, 
D  to  C,  C  to  B,  and  B  to  A. 


Let  B  to  A  be  the  first  line,  and  B  the  Erst  ai 
or  true  bearing  of  A  to  B  =  S,  82°  £. 


Let  the  magnetic 
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Let  the  tbeodoiite  at  A  read  on  B 

=      0 

on  L  read 

=  159 

it  L  read  on  A 

=.159 

on  forward  E,  read 

=  £79 

It  E,  read  on  L  back 

=  279 

read  forward  on  I 

=  110 

Theodolite  rt  I,  read  back  on  K 

=  110 

read  forward  on  H 

=  192 

=  192 

read  forward  on  G 

=  282 

Theodolite  b 

,t  G,  read  back  on  H 

=  282 

read  forward  on  F 

=  152 

Theodolite  e 

A  F,  read  back  on  G 

=  152 

read  forward  on  B 

=  252 

Theodolite  e 

Lt  E,  read  back  on  F 

=  252 

read  forward  on  D 

=  350 

Theodolite  e 

It  D,  read  back  on  E 

=  350 

read  forward  on  C 

=    70 

Theodolite  at  C,  read  back  on  D 

=    70 

read  forward  on  B 

=  340 

Theodolite  s 

It  B,  read  back  on  C 

=  3+0 

read  forward  on  A 

=  180 

-     When  at  B,  860  waa  on  station  A,  and  180  on  station  B.     Now  when  at 
A,  180  is  on  B,— a  proof  that  the  traTersa  has  been  correctly  taken. 

217,  In  traversing  by  the  ordnance  method  where  tlie  surTCy  is  ei- 
tensi»e,  it  is  neoeasary  to  run  a  check-line,  or  lines  running  through  the 
survey,  heginning  at  one  station  and  closing  on  some  opposite  one.  This 
will  serve  in  measuring  detail,  such  as  fields,  houses,  etc.,  and  will  divide 
the  field  into  two  or  more  polygons,  and  enable  the  surveyor  to  detect  in 
which  part  of  the  survey  any  error  has  been  committed,  and  whether  in 
chaining  or  taking  tJie  angles.  I  consider  it  unsafe  for  a  surveyor  to 
equate  his  northings  and  southings,  costings  and  westings,  where  the 
difference  would  be  one  acre  in  a  thousand.  When  the  error  is  but  small, 
equate  or  balance  in  those  latitudes  and  departures  whioh  ioorease  the  least 
in  one  degree. 

DeBurgh's  method— known  in  America  as  the  PennsjlTania  method- 
is  as  follows ; 

As  the  aum  of  the  sides  of  the  polygon  is  to  one  of  its  sides,  so  is  the 
diSerence  between  the  northing  and  southing  to  the  correction  to  be  made 
in  that  line. 

Half  the  difference  to  be  applied  to  each  side ;  as,  for  example, 

Let  sum  of  the  sides  :=  24000  feet,  and  one  of  them  =  000  feet,  whose 
bearing  is  N.  40°  E. 

And  that  the  northings  =  66,20      equated      56,30 

And  sum  of  the  southings  =^  26,40     equated      66,80 

dif,  20  and  haif  dif.  =  10 

As  24000  :  600  :;  0,10  :  cor.  =  0,0026,  correction  to  be  added,  beoaoM 
the  northings  is  less  than  the  eoutbiugi. 
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218a.  Traverse  euTvtying  U  to  bepreferndtainangulation.  Intriangnlation, 
the  TariQua  Unes  necesBar;  will  haTe  to  pass  OTer  muny  obetaclea,  such  u 
trees,  buildings,  gardeDs,  pondg,  and  other  obatructionB ;  whereas  in  a 
trayerae  suryey,  hb  can  make  choice  of  good  lines,  free  from  obstructions, 
wid  which  can  b«  accarately  measurHd,  and  (he  angles  correctly  taken, 
without  doing  maoh  damage  to  any  property  on  the  land. 


In  ivery  Sitrvey  Khich  in  truly  taken,  the  sum  of  the  Northmgt  or  !forth  Lati- 

tudet  is  equal  to  the  sum  of  the  Southings  or  South  Latitudes,  and 

the  sum  of  the  Eastings  or  East  D^arture  is  eguat  to 

the  sum  of  tU  Westings  or  West  Departure. 

219.  Let  A,  B,  C,  D,  E,  F,  0,  H,  I,  K,  be  the  respectiTe  Btationa  of 
the  survey,  (see  fig.  174),  and  NS  the  meridian,  N  =^nortb  and  S^aouth. 
Consequenllj,  all  lines  passing  through  the  stations  parallel  to  this  meridian 
Kill  be  meridians;  and  all  lines  at  right  angles  1o  these  meridians,  and 
passing  through  the  stations,  nill  be  east  and  west  lines,  or  departures. 

Let  fig.  175  represent  a  surrey,  where  the  first  meridian  is  assumed  on 
the  west  side  of  the  polygon. 

Here  we  have  the  northings  =  AB  +  Bc  +  Cd  +  do  +  BA  =  RQ, 
ind  the  southings  =  nF  +  FG  +  ml  +  iL  =  PL. 
But  R  Q  r=  P  L  .  ■ .  the  sum  of  the  northings  =  sum  of  the  southings,  and 

stings  Co  +  oE  +  En  +  Qm. 
But  C  e  =^  D  d  +  D  h.     Therefore  the 
eastings  =  Iid  +  Dh-l-Qn  +  Gm  =  QP-f-Dh, 
and  westings  ^  D  h  +  L  R ;  bat  L  R  =  Q  P,  and  D  h  ^  D  h.     Conse- 
quently the  sum  of  the  eastings  is  equal  to  the  suro  of  the  westings. 

Example  2.  Let  fig.  17>;,  being  that  given  by  Gibson  at  page  228,  and 
on  piate  IX,  fig.  1,  represent  the  polygon  a  b  o  d  e  f  g.  Let  a  be  the  first 
Q,  b  the  second,  c  the  third,  etc.  Let  S  S  be  a  meridian  line;  then 
will  all  lines  parallel  thereto  which  pass  through  the  several  stations  be 
leridians,  as  a  o,  b  s,  c  d,  etc.,  and  the  lines  b  o,  c  s,  d  c,  etc.,  per- 
pendicular to  those,  will  be  east  or  west  lines  or  departures. 

The  northings  are  ei  +  go  +  h  q^ao  +  bs  +  cd  +  fr,  the 
southings. 

Let  the  figure  be  completed, — then  it  is  plain  that  go-j-hq-|-rk:= 
a  0  +  b  s  -I-  c  d,  and  e  i  —  r  k  =  f  r.  If  we  add  e  i  —  r  k  to  the  first, 
and  f  r  to  the  latter,  we  have  go  +  hq  +  rk  +  ei  —  rk^ao  +  bs 
+  od-f-fr. 

i.  *.,  go  +  hq  +  ei  =  ao-|-bB  +  od-f-fr,     Hence  the  sum  of  the 
northings  =  sum  of  the  southings. 

The  eastings  os  +  qa  =  oh  +  de-|-if  +  rg  +  oh,  the  westings. 
■aq  +  yo  =  aq  +  ai  =  de+if  +  rg-j-oh,  and  bo  =  oB 
—  J  0 ;  therefore  aq-f-yo  +  os  —  yo  =  de  +  if-|-rg  +  oh-|-bo. 

a  q  +  c  s  =  b  0  +  d  e  +  i  f  +  r  g  -I-  0  h  i  that  is,  the  anm  of  Ui» 
eastinga  =  the  sum  of  the  wesUngs. 


Hosied^CjOOgle 


Method  of  Finding  tht  N'orihingt  and  Southingi,  and  Eaitingi 
and  W^ealingt.     (Fig.  ]7i.) 


North 
N,WE. 
N.  10°  W. 
N.60°E. 
S.  30'E, 

South 

East 
S.  20OE. 
S.  60°W. 
N.80-W. 


MatMce. 

Northing. 

Southing. 

EMtlng. 

29,18 

29,1800 

8,00 

6.1283 

e.l423 

9.00 

8.8633 

13,00 

7,7135 

8,6603 

9.1925 

10,00 

17,0000 

6,0000 

17.00 

li.OO 

ll.OOOO 

20,00 

18,7938 

6,8404 

2!, 00 

10,5000 

17,69 

3.0726 

54,9577 

54,9541 

37,1762 

7,1652 

If  the  Bbove  balance  or  trial  sheet  abowed  a  difference  in  closing,  we 
proceed  to  a  resurvey,  if  the  error  would  cause  a  difference  of  area  equal 
to  one  acre  in  a  thousand.  But  if  the  error  is  less  than  that,  ne  equate  the 
lines,  as  shown  in  aec.  317. 


By  Aaiaminff  any  Station  oj  the  Foint  of  Beginning,  and  Keeping  the  Polygon 
on  the  Right,  to  Fmd  the  moat  Easterly  or  Westerly  Station. 


221.     Let 
P  as  the  plac 


IS  take  the  example  in  sectiot 
I  of  beginning  (see  fig.  17J). 


lolsl 

EMUng, 

WMtlng 

Weeling. 

South 

6,84 

11.00 
17,84 

18,19 
17,43 

18,19 
35,62 

North 

5,14 

9,19 
8,66 

1,66 

Here  we  see  that  the  point  I  has  a  departur 
after  which  follow  west  departure  to  A 
Therefore  tbe  point  A  is  west  of  F 


it  =  17,84 
=  35,62 
—  17.78 


Then  follows  E.  dep.  £ 
A  and  B  west  of  C.  D,  E  ni 
and  pointE  A  and  B,  or  lii 

In  calculating  by  the  i 


?p,  =  1,66,  whicli  leaves  pointM 
ently  point  I  is  the  most  easterly,! 
Bt  westerly.  ' 


aethod.  the  first  meridian 


ought  t 


through  the  most  eaeterlj  or  westerlj  station.  This  will  leave  no  chanci 
of  error,  and  will  be  leas  difficult  than  in  allowing  it  to  pass  through  tbi 
polygon  or  aurtey.  However,  each  method  will  be  given;  but  we  o ugh 
to  adopt  the.fiimplesl  method,  nlthongh  it  may  involve  a  few  more  figures 


n  calculating  the  ci 


For  tbe  i 


It  page. 
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Let  A  B  (Fig.  17o)  be  a  Chain  Line,  C  D,  apart  of  which  passes  through  a 
house,  to  find  C  D. 

221a.  Find  where  the  line  meets  the  house  at  C ;  canseapole  to  be 
held  perpendicularly  at  D,  DD  the  line  A  B ;  mnkeDe^=Cf;  Uien  Euclid 
I,  34,  f  e  =  C  D. 

221i.  When  the  pole  cannot  be  seen  over  the  honse,  measure  any  line, 
A  R,  and  marl:  the  sides  of  the  building ;  if  produced,  meet  the  line  A  K, 
in  the  points  i  and  K.  Then  by  E.  VI,  4,  A  i  :  C  i  ::  A  K  ;  K  D.  K  D 
is  now  determined.  Let  C  i  be  produced  until  C  m  :=  D  K.  Measure  m  K, 
which  nill  he  the  lenglb  required.     Distance  C  D. 

221c.  Or,  at  any  points,  A  and  G  on  tho  line  A  B,  erect  the  perpen- 
diculars A  0  and  G'  H  equal  to  one  another,  and  produce  the  line  0  H  far 
enough  (o  allow  perpendiculars  to  be  erected  at  the  points  L'and  M,  mak- 
ing L  B  =MN=AO  =  H  G.-.  the  lineBN  will  be  in  tbe  continuation 
of  tbe  line  A  B ;  and  by  measuring  D  N  and  A  C,  and  taking  their  sum 
from  0  W,  the  difference  will  be  equal  to  C  D. 

222.  When  the  obstruction  is  a  river.  In  fig.  18.  take  the  interior  ■ 
angles  at  C  and  D ;  measure  C  D ;  then  sine  <  E  :  C  D  : :  sine  <  D :  C  E. 
When  the  line  is  clear  of  obstructions  to  tho  view,  make  the  <;  D  equal  to 
half  the  complement  of  the  <  C.     Thoo  the  line  C  E  =  C  D. 

As,  for  eiampla,  when  the  <^  at  0  is  40°,  the  half  of  the  complement  ia 
70°  —  angle  at  D  =  <  C  E  D ;  consequently  (E.  I,  5),  C  E  =  C  D.  In 
this  case  the  flagman  is  supposed  to  move  slowly  along  tbe  line  A  B,  until 
the  Buryeyor  gives  him  the  signal  to  halt  in  direction  of  the  line  D  E,  the 
surveyor  having  the  telescope  making  <;  C  D  E  ^  70°, 

228.  Or,  take  (fig.  19)  C  D  perpendicular  to  A  B.  If  possihle,  let  C  D 
be  greater  than  C  E.  Take  the  <  at  D ;  then,  by  sec.  167,  C  1)  X  'i"- 
<  D  =  C  E.  Or  by  the  chain  only  (fig.  20),  erect  C  D  and  K  L  perpen- 
dicularly to  A  B  ;  make  C  F  =  FDand  KL  =  CD;  produce  E  F  to 
meet  D  L  in  Q  ;  then  G  D  ^  C  E,  the  required  distance.  See  Euclid  I, 
prop.  15  and  26. 

224.  Let  A  C  (fig.  20a)  be  tbe  required  distance.  Measure  A  B  any 
convenient  distance,  and  produce  A  B,  making  B  E  ^  A  B ;  make  E  G 
parallel  to  A  C ;  produce  C  B  to  intersect  the  line  E  G  in  F.  Then  it  is 
evident,  by  Euclid  VI,  4,  that  E  F  =  A  C  and  B  F  =  B  C. 

225.  Let  fig.  21  represent  tho  ohstruction  (being  a  river).  Measure 
any  line  A  B  ;=  o,  and  take  the  angles  H  A  C,  C  A  B,  and  A  B  C,  C  being 
a  station  on  the  opposite  shore.  Again,  at  C  take  tbe  <;  A  C  G  and  A  C  B, 
E  being  the  object.  Now,  by  having  tho  length  to  be  measnreii  from  C 
towards  Q  =  C  E,  E  will  be  a  point  on  the  line  A  F. 

By  sec.  191  we  find  A  C,  and  having  the  angles  E  \  T  and  A  f  E  we 
find  (E.  I,  32}  the  <  A  E  C  =  <  at  E.  Then  sine  <  E  AC  sine  ■< 
A  C  E  :  A  E,  and  sine  <  E  :  A  C  : ;  sine  <  C  A  E  :  C  E  but  m  the  A 
C  D  E  we  have  the  <  at  D,  a  right  angle,  and  tbe  <  E  given  the  < 
BCD  may  be  found.  Now,  C  D  being  given  =  to  the  cosine  of  the  <^ 
E  C  D  =  sine  of  <  E  =  C  D,  we  have  found  A  E,  C  E  and  the  perpen 
dicular  C  D;  consequently,  the  line  A  D  E  may  be  found  and  continued 
towards  H,  and  the  distances  a  H,  H  b,  and  b  S,  may  he  found.     D  £  =2^ 
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226.  Let  tbe  line  A  F  (flg.  22)  be  obatraoted  from  ft  to  b.  Asaume  any 
point  D,  -risible  from  A  and  C ;  meo^uve  tbe  lines  A  D  tuid  D  C :  take  tbe 
angles  A  C  D,  C  A  D,  A  D  C,  and  C  D  Y,  Y  being  a  station  bejond  tbe 
required  line,  if  possible.  In  tbe  triangle  B  C  D  we  have  one  side  C  D, 
and  two  angles,  C  B  D  and  C  D  B,  to  find  tbe  sides  C  B  and  D  B,  which 
may  be  found  by  sec.  194. 

227.  Or,  menaure  any  line  A  B  (fig.  22);  take  tbe  angle  CAD,  and 
make  the  angle  A  D  G  =  180°  —  <  C  AD;  i.e.,  make  the  line  D  H  paral- 
lel to  A  C ;  take  two  pointa  in  the  line  A  H,  such  as  E  and  G,  so  that  the 
lines  E  B  and  G  F  shall  be  parallel  and  equal  to  A  D,  and  suob  that  the 
line  E  B  will  not  out  the  obstruction  a  b,  and  that  the  lines  G  P  parallel 
to  B  B  will  be  far  enough  aannder  from  it  to  allow  the  line  B  F  to  be 
accurately  produced. 

As  a  check  on  the  line  thus  produced,  take  the  angle  F  B  E,  which 
Bbould  be  equal  to  the  angle  BED  =  <CAD. 

228.  Let  the  obstruction  on  the  line  A  W  (fig.  23)  be  from  a  to  b,  and 
the  line  running  on  a  pier  or  any  strip  of  land.  At  the  point  C  measure 
the  line  C  D  ^^  800,  or  any  convenient  distance,  as  long  as  possible  ;  make 

-  the  <  A  C  D  ^  any  <,  as  140°,  and  the  interior  <  C  D  E  =  any  angle, 
as  130";  measure  D  E  =^  400;  make  the  <  D  E  Y  =  TO",  Y  being  some 
object  in  view  beyond  tbe  line,  if  possible. 

To  find  the  line  E  B,  and  the  perpendicular  E  H.     In  the  figure  C  B  E  D, 
we  haye  the  interior  angles  B  C  D  ^    40' 
C  D  E  ^  130 
DEY~DEB=    70 


240° 


Let  the 


>r  angle  C  B  E  t^ 


Sum,  240°  +  x" 
To  which  add  four  right  angles,  300 

600°  + 1° 
Should  be,  by  E.  I,  32,  72Q 
That  ia,  600°  +  i°  =  720°  ,■.  s"  =  120°  ^  <  A  B 
angle  H  B  E  =  60°. 

By  E.  I,  16,  the  A  B  E  =  <  II  B  E  +  H  E  B.  bnt  the  angle  H  B  E  = 
60°  .-.  <  H  E  B  =  80°;  consequently,  the  interior  <  U  E  H  =  100°  = 
70°  -f  30°. 

',  bearing  N.  40°  E. 


;   therefore,  the 


Nnw 

,  we  hare  the 

interior  a; 

igle; 

9HCD  = 

40° 

CDE  = 

130 

DEB^ 

70 

ABE  = 

120 

DEH  = 

100 

cnE  = 

90 

The 

bearings 

of  these  lines 

art 

!  found  by 

sec. 

meridian  A  H,  making  A  the  south,  or  180°,  and  U  the  north,  c 
hiding  the  land  invwriably  on  the' right  krnid,  as  we  proceed,  tt 
bearings. 


=N.G0°E.=:b8ftring  of  BE,  per  quarter  compass  table. 
(See  this  table,  sec.  218.) 


V  Google 


190  =  S.  10°  E.  =  bearing  of  E  D. 


50 

140  =  S. 

40"  W.  ^  bear 

og  of  D  C. 

180            140 

40            140 

'i40~         "000"=  north  =  bearing  of  C  E  or  C  11. 

Now  we  hare,  by  reversing  these  bearings,  and  finding  the  BortLings 

CD 
DE 
MB 
BC 

"8,06 
4,00 

N.  40°  E. 
N.  10°  W. 

s.  ao°  w. 

South. 

Kortbhic 
(),128S  =  C  d 
3,0392  =  (1 II 

1L  =  BI[ 

10,0075  —  1 

S,14;!B 

0,6346 
y  =  BII 

10,0676 

10,0675  — X 

5,14:i3 

0,6946+7 

But  as  the  eaatings,  peraeo.  21Sa,  is  eqaalto  the  westings,  j  =  5,1423  — 
0.694C  =  4.4477  =  E  H.     Alao,  fi-om  the  abore,  the  <  H  E 15  =  30,  and 

the< 

BHI 

=  90°  .• 

we  liaye,  iu  the  triangle  B  H  E,  give 

the  angles. 

au<t  side  E  H,  to  find  E  B  and  B  II.  For  the  angle  B  E  H,  its  latitude  or 
coeiue  z=  O,8G0,  and  its  sine  or  departure  =  0,500 ;  tberefore  E  H  = 
4,4477,  divided  by  0,800,  gives  5,13G  =  E  B,  nnd  5,136  X  0,500  = 
2,5680  ^  B  H;  and  by  taking  B  H  from  C  H,  i.e.,  10,0675  —  2,5680  = 
C  B  :=  T,4995 ;  and  by  calling  the  distanoes  links,  we  have  C  B  =  749,95 
links,  and  E  B  =  513,6. 

Xbie.  If,  instead  of  having  to  traverse  liut  three  lines,  we  had  to  trav- 
erse any  number  of  linos,  the  line  E  H,  perpendicular  to  the  base  A  W, 
will  always  be  the  difi^erence  of  departure,  or  of  the  eastings  and  westings, 
and  B  H  =:  diifcrence  of  latitudes,  or  of  the  northings  and  southiiiga. 

220,     Chain  A  C  (fig.  25),  and  at  the  distance  A  B,  oliain  B  D  parallel 
to  A  C,  meeting  the  line  C  E  in  D;    then,  by  E.  VI,  4,  and  V,  prop.  D, 
convertendo,  A  E  :  B  E  ;:  A  C  —  B  D:BD.-.  (E.  VI,  16) 
3XBD 


B£  = 


AC  - 


BD 


t  method. 


Example.  Let  B  E  be  requir- 
ed. Let  A  C  =:  5,  B  D  =  4, 
and  A  B  =  2,  to  find  B  E.     By 

the  last  formula,  B  E  =  r~~7 
=:  8  chains. 

230.  In  fig.  26,  the  line  0  L  is  supposed  to  pass  over  islands  aurrounded 
bj  rapids,  indicated  by  an  arrow.  The  lines  0  A,  OB,  and  E  F,  are 
measured.  Prom  the  point  B  ereot  the  perpendicular  B  G,  and  take  a 
point  H,  from  which  flag-polea  can  he  seen  at  0,  A,  B,  C,  D,  E,  and  F. 
Take  the  angles  O  H  A,  A  H  B,  B  H  C,  D  H  B,  E  H  B,  F  H  B. 

The  tangents  of  these  angles  multiplied  by  B  H,  will  give  the  lioea  B  A, 
OB    B  C    B  D,  B  E,  B  F,  and  B  L. 
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48  anma-ra . 

H  B  is  made  perpenclioular  to  O  L,  and  the  <  0  H  B  is  giten  .  ■ .  the 
angle  B  O  H  ia  given,  whose  tangent,  multiplied  hy  0  B,  wil!  give  the 
diataQce  B  H  ;  oonsequentlj,  B  H  multiplied  bj  the  tangents  of  the  acglea 
B  n  C,  B  H  D,  B  H  E,  etc.,  will  give  the  aldea  B  C,  B  D,  B  E,  etc. 

231.  If  one  of  the  stations,  as  L,  be  icTisible  at  11,  from  L  run  aaj 
straight  line,  intersecting  the  line  B  0  in  K ;  take  tho  angle  B  K  L  and 
measure  H  K ;  then  we  have  the  aide  B  K,  and  the  angle  B  K  L,  to  Sail 
B  L  in  the  dght  angled  triangle  B  K  L. 

.-.  B  L  =  B  K  X  tan.  <  B  K  L. 

£82.  But  if  the  line  B  G  cannot  bo  made  perpendicular,  make  the  < 
0  B  G  anj  angle;  then  haying  the  <  0  B  G,  we  have  the  <  L  B  K,  and 
having  observed  the  <  B  K  L,  and  measured  the  base  B  K,  we  find  the 
distance  B  L  b j  aec.  131. 

In  this  ease  we  have  assumed-tliat  B  K  could  be  meaaured;  but  if  it 
cannot  bo  measured,  take  the  <  B  0  H  and  O  11  E ;  mcaaurc  0  B ;  then 
v«  have  al!  the  angles,  and  the  side  0  B  givoQ  in  the  ^  0  II B  t^  find  B  H> 
which  can  be  found  bj  sea.  131.  Haviog  B  H,  measure  the  remaining 
part  H  K. 

233.  Let  the  iuaooessible  distance  A  B  {fig,  27)  be  on  the  opposite  aide 
of  a  river.  Measure  the  base  C  D,  and  tahe  angles  to  A  and  B  from  lie 
stations  C  and  D,  also  to  D  from  C,  and  to  C  from  D.     Let  s  =  C  D,  a  =; 


<  A  C  B,  b  t= 

< 

BCD, 

c== 

<ADC 

d 

and  f  =  <  C  B  D. 

Sine  e  : 

sr: 

Kineo 

AC 

Sinef: 

sineb 

BD 

Sine  f ; 

sine  (0 

+  d 

:BC. 

Nowhaving  AC  and  BC,  and  the  included  angle,  we  find  (see.  HO)  th 
required  line  A  B. 

234.  If  it  be  impracticable  to  measure  a  line  from  B  (fig.  2fi),  makin 
BDj  angle  with  the  base  0  L,  io  order  to  find  tlie  inaccessible  distanc 
B  0,  assume  any  point  H,  from  which  the  stationa  A,  B  and  C  are  visiblt 

Let  A  B  =  g,  B  C  =  I. 

<CAH=a  =  BAH.     <AHB  =  c. 

<ACH=b.  <CHB=d. 

Therefore,  <  A  B  H  =  180  —  a  —  c. 

By  BBC.  181,  Bine  0  :  g  ::  sine  a  :  H  B  =  ?-..^'-— 


Substituting  the  value  of  H  B  i. 
e  •  sine  a  ■  sine  d 


This  formula  can  be  used,  by  either  using  the  natural  o 

Example.     Let  A  B  =  400  links  =  g, 
the  angle  A  H  B  =  c  =  60° 
B  A  H  =  a  =  80' 
.-.B.  1,32,  ABH  =40° 

C  HB  =  d  =  10°.-,  <AHC  =  70». 
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180  _-  (B  A  H  +  C 
=  A  C  H  =  b. 

Log.  s=  log.  400 
Log.  sine  a  =  log.  sin 
Log.  sine  d  =  log.  si 

Log. 
Log. 

lue  b  =  log.  Bin 

=  2,0030600 
=  9,9933515 
=  9,2396703 


2,1985811  =  157,98  =  B  =  e. 

And,  aa  in  aeo.  163,  we  haTe  A  B  =  400,  and  B  C  =  x  =  157,98,  aod 
the  iDcIadecl  angle  A  H  C,  the  lines  A  H  and  B  11  may  be  found. 

235.  Let  the  land  between  C  D  and  the  river  te  wood  land  {see  fig.  28). 
Assume  any  two  random  lines,  traced  from  the  stations  A  and  B  through 
the  wood ;  let  these  lines  meet  at  the  point  C ;  trace  the  lines  C  E  and 
E  D  in  any  convenient  direction,  so  that  the  point  A  be  visible  from  E, 
and  the  point  B  visible  from  the  point  D  ;  take  the  angles  A  E  C,  ACE, 
A  C  B,  B  C  D,  and  C  D  B,  .-.  by  E.  I,  32,  the  angles  E  A  C  and  C  B  D 
can  ba  found;  and  by  sec.  131,  the  aides  A  C  and  C  B  are  found;  and 
having  the  contained  angle  A  C  B,  we  find,  by  sec.  140,  the  side  A  B. 

A'ole,     This  case  is  applicable  to  hilly  countrits. 

236.  The  Una  A  B  may  ba  found  aa  follows:  In  direction  of  the  point 
B  |fig.  29)  run  the  random  line  F  B,  and  from  A  run  the  linea  A  D  and 
A  C  to  meat  the  line  P  B ;  meaaure  the  distance  B  C,  and  take  the  angles 
ADC  =  a,  ACB  =  c,  ACD  =  b;  letthe<CAD=d,  and<CAB 
=  e,  and  the  <  A  B  D  =  f.  Now,  as  the  auglea  d,  e  and  f  have  not 
been  taken,  we  find  them  as  follows  ;  The  angles  a  an<j  c  ara  given  .'.by 
E.  I,  16,  <c  =  <a  +  <d.-.<d  =  <o  — <»,  andby  E.  I,  16,  wo 
have  <;b  =  <e  +  <l'i  aid  180°  —  the  sum  of  the  angles  a,  d,  a  = 
<  f.     Now,  by  see.  181,  sine  <  d  :  D  C  =  s  ::  sine  <  a  :  A  C. 

a<a 


i.  e.,  sine  <  d  :  B  ; ;  sine  <  a  :  . ...-  >■■  =  A  C. 

Also  aino  <f :  °'"°V^.°  ::  sine  <        "'""''  '^ 


<d     "■  "-     ■    Bine<d.sino<f 

237.  By  the  Chain  only.  Let  it  be  required  to  measure  the  distance 
A  B,  on  the  line  0  R  (fig.  30).  Measure  AG  =  0  E  any  convenient  dia- 
tancea,  50  or  100  links ;  describe  the  equilateral  triangles  0  E  D  and 
AGO  equal  to  one  another;  produce  G  D  and  B  C  to  meet  one  another 
at  P ;  maaaure  D  F.  Now,  becanae  G  F  and  A  C  are  parallel  to  one 
another,  the  A  F  D  C  is  similar  or  equiangular  to  the  ^  B  A  C  (E.  VI,  4). 
F  B  :  D  C  : :  A  C  :  A  B,  but  A  C  =  C  D,  because  D  C  =  A  C. 
.-.FD:  DC::  D  C  :  A  B,  and  by  E.  VI,  16, 
P  D  X  A  B  =  D  C=. 

DC=       AG3 
.■ .  A  B  =  — —  =  — —  which  is  a  convenient  formula. 
F  D        F  D 


,  Ho^..by 
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ExampU.     Let  A  C  =  100,  and  D  F  = 
1000 
then  A  B  = =  83J  liuta. 


This  is  a  practical  method,  and  is  the  satae  as  that  giren  bj  Baker  ia 
hiB  SurTejing,  Louden,  X850. 

238.  The  following  problem,  given  ^y  Galbraith  in  hia  Matberaatical 
and  Astronomical  Tables,  pp.  47  and  48,  wilL  be  often  found  of  great  use 
in  trigonometric al  surveying  (see  fig.  31); 

From  a  convenient  station  P  there  could  he  seen  three  objects,  A,  B  and 
C,  nhose  distances  from  each  other  were  A  B  ^  8  miles,  A  C  =  6  miles, 
B  C  =  4  miles.  I  took  tbe  horizontal  angles  A  P  C  33=  45',  B  P  C  = 
22"  30°.  It  is  hence  required  to  determine  the  respective  distances  of  my 
station  P  from  each  object. 

Because  equal  angles  stand  upon  equal  or  on  tho  same  circumferences, 
the  <  B  P  C  =  <  D  A  B,  ami  <  A  P  C  =  <  A  B  D.  In  this  case  the 
point  D  is  supposed  to  fall  iu  the  original  /;i  A  B  C.  From  this  the  cou- 
Btruction  ia  manifest. 

Make  the  <;  B  A  D  =  <  A  B  D  as  above ;  join  C  and  D,  and  produce 
it  indefinitely,  say  to  Q ;  about  the  /\  A  D  B  describe  a  circle,  cutting  the 
line  C  Q  in  P ;  join  A  and  1',  and  B  and  P ;  then,  by  E.  Ill,  21,  the  < 
C  P  B  =  <  D  A  B.  and  <  A  P  D  =  <  A  B  D.  In  this  case,  the  < 
C  P  B  is  assumed  less  than  the  <  C  A  B,  and  tbe  <  A  P  B  less  than 
ABC.  Now  having  the  three  sides  of  the  A  A  B  C  by  sec.  142,  wo  find 
the  angles  A,  C  and  B  of  the  A  A  E  C ;  consequently  the  <  C  A  D  is 
found;  also  tlie  <  C  BD,  hecnase,  by  oliservation,  tho<;BPC=BAD, 
and  <  A  T  C  =  A  B  C,  In  the  A  A  D  B  are  given  the  aide  A  B  and  the 
angles  D  A  B  and  D  B  A,  to  find  tbe  sides  A  D  and  B  D  and  <  A  D  B,  all 
of  which  can  be  found  by  sec.  131.  Non  having  the  sides  A  D  and  A  C, 
and  the  contained  angle  B  A  D,  we  find  {sec,  140)  the  <  A  C  B  and  tbe 
Bide  D  C ;  and  having  the  angles  A  C  P  and  A  T  C  given,  we  find  the  < 
CAP;  but  above  we  have  found  the  <  C  A  B  .-,  the  <  C  A  P  —  < 
CAB  =  <BAP.  In  like  manner  we  find  the  <  A  B  P ;  and  hy  sec. 
130,  and  E.  I,  32,  we  find  the  distances  A  P  and  B  P.  In  like  manner 
we  proceed  to  find  C  P, 


A  C  =  6  miles  =  b,  and  A  P  0  =  33°  45'. 
3  B  =  4  =  a,  and  C  P  B  =  22°  30'. 
B  A  =  8  miles  =  c. 

(B— b).(B  — c)  J 

By  sec.  126,  sine  J  <  A  =  ( -r^ V 


8_o  =  9— 8=^1. 
{B_b).(B-c)=8Xl  =  3. 
And  bo  =  6X8  =  48i  consequently  the  value  of  half  the  angle  A  = 

l—f  =  -J—  =  -,  but  J  =  ,25  =  sine  14'  28'  89";  therefore 
W         ^16      4  ^ 

<  B  A  C  =  28°  57'  18". 
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=    46' 34' 03" 

=  104°  28'  39" 

=    28°  57' 18" 

=    22"  30'  00"  =  <  C  P  B. 

=      6°  27'  18" 


leave  a  llie  <[ 


86°  46'  21" 

th.  complement)    =  0,0801536 

log.       0,9030900 

log.  sine       9,7447390 

Sum       0,7279826 


HBlOETfl    * 

By  Beo.  126,  we  find  <  A  B  C 

and  by  Bee.  127,  <  A  C  B 

Now  ne  Ltue  the  <  C  A  B 

and  by  observation,  tbe  <  D  A  R 

.-.  the  <  CAD 

By  obBervfttioQ,  we  liave  tbe  <  D  A  B  =    22°  30'  00" 

The  <  D  B  A  =    33°  45'  00" 

Their  sum  =    56°  15'  00" 

...  180°  _  56°  15'  =  <  A  D  B  =  123°  45'  00" 

And  as  the  <  C  A  D  =  6°  27'  18",  this  taken  from  H 

ADC  +  <ACD  =  278°  32'  42" 

and  half  the  sum  of  these  : 

By  Beo.  331.     As  sine  A  D  B  123=  45'  (t 

is^lotho  aide  A  B  8  miles, 

80  is  the  sine  of  the  <  A  B  D  =  33°  45 

to  A  D  =  5,34543.  Sui 

A  C  ^  6,  by  hypothesis. 
As  the  sum  =  11,34548  log.    1,0548110 

19  to  the  difference  0,66457,  1,8159591 

80  ia  tan.  J«ADC  +  <ACD)  = 

86°46'21"  tan.  11,2487967 

to  the  tan.  of  half  the  difference  of  the 

angles  A  I>  C  and  A  C  D.  16,0099318 

.-,  by  Boc.  140,  the  <  ACP  =    41°07'03" 
and  the  <  A  D  C  =  132°  25'  39" 

As  sine  <  A  P  C  33°  45'  arith.  comp.  0,2552610 

ia  to  A  C  =  6  miles.  log.  0,9781513 

so  is  <  A  C  P  =  41°  7'  Bine  9.8179654 

to  the  distance  A  P  7,10195.  log.  0,8613777 

Now  we  hare  the  <  A  C  B      =    41°  07'  03" 
The  <  A  P  C  =    83°  45'  00" 

Their  sum  =    74°  52'  03" 

180°  ~  74°  52'  8"  =  P  A  C  =  105°  07'  67" 
By  sec.  131,  sine  <  A  C  P  =  4! 
istoP  A  =  7,10196, 
BO  is  sine  <  P  A  C  =  105°  7'  56"  sine  9,9846784 

U,  the  Bide  P  C  =  10,42523  log.  1,0180867 

We  have  found  the  <  A  B  C  =  40°  31'  03"   . 

<B  AC  =  28°  57' 18" 
Their  sum.  ^  75°  81'  21",  which  taken  from  180,  gives 

the  <  A  C  B  =  104°  28'  89". 

But  the  <  A  C  B  has  been  found  =  41°  07'  03" 

■    .■,  tho<BCP  =63°  21' 36" 

and  by  hypothesis  <  C  P  B  =22°  30'  00" 

the  Bum  of  tbe  two  last  angles  =  94°  09'  24" 

-■.  (iiesin6of<CPB  =  (22°30")  arith.  comp.  =0,4171603 
is  lo  B  0,  4  miles,  log.  =  0,6020600 

BO  is  aiue  <  B  C  P  (63°  21'  36"  flioe       9,9512605 

to  P  B,  9,342879  miles,  log.       0,0704608 

dalbraith  Suds  9,342860  miles  by  b  different  method  of  oalculatioii. 


log.  0,8513777 
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52  HSWHTS   ANB   DMTAHOKS. 

239.  SMOtid  Case.  Let  us  assume  the  three  BtntionH,  A,  B,  W,  to  be  on 
the  Bfime  straight,  and  the  auglea  A  P  W  aud  W  P  B  to  be  giren  (see  fig. 
31)  as  iQ  the  last  example.  We  find  the  sides  A  D  and  D  B,  And  hayiGg 
the' sides  A  D  and  A  W,  and  the  contained  angle,  -we  fiod  tbe  <  ADP  - 

<  A  D  W,  and  the  <  A  P  D  is  given  by  hypothesis  .-.  by  E.  I,  ii,  we 
find  the  <  D  A  P,  and  all  the  angles,  and  the  side  A  D  being  given,  in  the 
^  A  D  t  we  Oftn  find,  by  sec.  ISt,  the  sides  A  P  and  P  W.  In  like  manner 
we  find  the  side  P  B. 

240  Third  Case.  Let  us  nsaume  the  station  P  to  be  within  the  A 
ABC,  fig.  32.     The  <  A  B  D  is  made  equal  to  the  eupplement  of  the 

<  A  P  C,  and  the  <  B  A  D  =  the  supplement  of  the  <  B  P  C  .-■  as 
aljove  we  find  the  sides  A  D  and  E  »,  and  baying  the  sideB  A  B,  B  C,  and 
A  C  we  find  the  angles  B  A  C  and  A  B  C ;  consequently,  we  huve  the  < 
D  AC      And  bj  see.  140,  we  find  the  angles  A  D  C  and  A  C  D,  and  the 

<  A  P  C  being  gWen  bj  hypothesis,  .-.  the  <  C  A  P  is  found;  and  by 
see,  180,  we  find  the  sides  P  A  and  P  C.  In  like  maoner  we  find  the  Bide 
PB. 

mte.  When  the  sum  of  the  two  angles  at  P  is  180",  the  point  P  is  on 
the  same  straight  line  oonncoting  the  stations  A,  B  and  C.  And  whtn  the 
Bum  ia  less  tban  180°,  the  point  P  is  without  the  A  A  B  C.  When  the 
sum  is  greater  than  180°,  the  point  P  is  within  the  A  A  B  C. 
■  241  In  fig.  83,  the  sum  of  the  angle  B  P  C  is  supposed  =  to  the  sum 
of  the  angles  C  A  B  +  C  B  A,  making  the  <  C  A  B  =  C  P  B,  and  the 
<CBA  =  APC;  consequently,  (be  point  P  is  in  the  circumference  of 
t^e  eiroumscribing  circle  about  A  A  B  C  ,  ■ .  the  point  P  can  be  assumed 
at  any  point  of  the  circumference  of  the  segment  A  P  B,  and  conseqnenUy, 
the  problem  is  indeterminate. 

242      The  following  equaUon,  given  by  Lacrois  in  his  Trigonometry, 
and  generally  quoted  by  subsequent  writers  on  trigonometry,  enables  us 
to  find  the  angles  P  A  C  and  P  B  C,  and,  consequently,  the  sides  A  P, 
C  P,  and  B  P.     Let  P  =  <  A  P  C. 
Leta-AC.  P'=<BPC. 

b  =  B  C.  R  =  860"  -  P  -  P'  —  0. 

I  =  <  P  A  C. 
y  =  <  P  B  C. 
c  =  <ACB. 

a.  sine  P'  ,   ,. 

243.    X  =  -  (sine  P'  •  ooseo.  P  '  sec.  K  ■  cot.  R  +  cot.  R) 
In  the  problem  now  discussed,  we  have 
a  =  6,  andP    =    33°  45' 00" 
b  =  4  and  P'  =    22°  30'  00" 
by  sec.  238,  104°  28'  SB^'^  <  A  C  B. 

Sum,       160°  43'  39" 

860° ^ 

K  =  199°  16'  21" 
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Prom  the  equation  cat.  x  =  cot.  R  ( : — -— —  +  1)   (see  aeo. 

242),  we  have— 

Slog.  =0,477]212 

2  ar.  eomp.  =  9,6989700 

P'  =  22°  30'  sine  =  9,.')828397 

P  =  33°  45'  ar.  oomp.  eine  ~  0,25e"i2610 

R  =  199°  16'  21"  neg.  ar.  comp,  cos.  ^JW504S2_ 
—  1,09458  log.  ^  0,0392371 

+  1. 

0,09458  log.  =    2,9757993 

Cot.  R  =  +  199°  16'  21"  =  10.4563.594 

Cot.  I,  (—  105»  8'  10")  =    9,4321587 

By  sec.  131,  as  sine  33°  45'  at.  oomp.  =    0,2552610 

ia  to  sine  <  P  A  C,  (105°  8'  10")    log.  sine  =    9,98466G0 
BO  ia  6  log.  —    0,7781513 

to  P  C  =  10,4251  log.  ~    1,0180783 

By  aec.  241,  R  —  i  =  y  ^  199°  16'  21"  —  105°  8'  10"  =  94°  8'  11". 
By  sec.  131,  we  can  Sad  tlie  linea  A  P  and  P  C, 

Note.     —  0,09158  X  by  +  199°  IG'  21',  giyea  a  negative  product ;  .  ■ 
tlie  uot.  is  negative,  and  tlie  arc  is  to  be  taken  from  180,  by  sec.  IO811. 


244.  It  frequently  happens  in  extensive  surveys  that  we  take  angles 
to  spires  of  churches,  corners  of  permanent  builiiiugs,  etc.  From  such 
points,  angles  cannot  lie  talien  to  those  stations  from  nliich  angles  were 
observed.  Let  C  (fig.  84)  be  the  spire  of  a  church.  Talie  any  station  D, 
as  near  as  possible  to  observed  station  C,  from  which  take  tiie  <^  C  D  B 
=  D.  Let  log.  sine  1"  =  4,6856749 ;  let  <  C  D  A  =  a,  A  D  B  =  b, 
and  the  distance  C  D  ^  g,  and  <;  A  C  B  ^^  i ; 

.!....->  +  '"■'"■  +  •'-     '■■'■" 
^   B  C  •  sine  1"       AC-  sine  I" 
Great  care  is  required  in  tailing  out  the  sine  of  the  sine  of  the  angles 

(a  +  bl,  and  sine  of  a.     Tlie  first  term,  g  '  ^'"^  I     +  "j      jn  ^    poaitiya 
'    ^    ''  B  C  •  sine  1"  '  ^ 

when  (a  -]-  b)  is  less  than  180°,  and  the  sine  of  a  will  be  negative. 

245.  Let  A  be  a  station  in  a  ravine,  from  which  it  is  requireiJ  to  de- 
termine the  horizontal;  distance  A  H  the  height  of  the  points  D  and  C 
above  the  horizontal  line  A  H  (fig,  35), 

Traoe  a  line  up  the  hill  in  the  plane  of  A  D  H,  making  A  B  =  g  feet 
=  600 ;  take  the  angles  C  A  H  =  3°  10',  <  D  A  H  =  5°  20'. 
Therefore       <  C  A  D  =    2°  10' 
<OAB  =  <EBA=    2°    7' 
and  <  C  B  E  =    1°    7' 

<AHC  =  90°    0' 

<  A  C  H  =  86°  50' 

<ADC  =  84=10' 
In  the  triangle  A  B  C  are  given  A  B  =  600, 

The  <  A  B  C  =  <  E  B  A  +  C  B  E  =      3°  14' 

The  <  B  A  C  =  180°  —  CAH  —  BAG  =  174°  43' 
Consequently,  <  A  C  B  =      2°    3' 
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&i  BIiaHTS   . 

B7  BBC.  131,  the  Bides  A  C  and  B  C  may  be  found. 
And  A  C  .  COS.  C  A  H  =  A  H. 
And  A  C  .  sine  C  A  H  =  H  C. 

And  H  A  •  taD.  C  A  H  =  H  D.  And  by  taking  the  <  C  B  D,  and  multi- 
plying ita  tangent  by  the  line  E  C,  we  fiod  the  line  D  C,  wliich  added  to 
H  C,  will  gite  the  line  H  D, 


Olherv>ise, 

Wo  have  the  angles  D  A  C,  C  A  U,  and  angle  at  U  a  rigiit  angle, 
180  —  90  —  <  C  A  H  =  <  A  C  H  =  86°  50'  =  <  A  D  C  +  <  C  A  D. 
But  <  C  A  D  being  2"  10',  .-.  <  A  D  C  =  84"  40',  and  <  C  A  D  = 
2=  10',  and  the  side  A  C  may  be  found;   aad  by  see.  131,  CD  can  be 

arith.  comp.  =  l,4*fi4614 

=  2,7781518 

log.  s 


10') 


As  sine  2°  3'  «  B  C  A) 
is  to  A  B  (GOO), 
soiBsine3«14'[<ABC) 
to  A  C  =  946,0i, 

Sine  3"  JO'  (<  C  A  H) 
C  H  52,26 
Also  log.  AC 

Cosine  «  C  A  H  ^ 
A  H  =  944,597 
Tangent  «  H  A  D  =  5°  20') 
H  D  =  88,182 
C  H  =  52,26. 
.-.CD  =  35,522. 
Or,  C  B  may  be  found  as  follows  : 
As  sine  (A  D  C  =  84°  40')  ari 

is  to  the  log.  A  C  from  above, 
so  ia  sine  «  B  A  C  =  2"  10') 
to  C  D  =  35,922 


^  8,7512973 
=  2,9769)00 
=  8,7422686 
= 1,7181685 
—  2,9759100 
=  9,9993364 
log.  =  2,9962464 
=  8. 1)701360 
=  1,9453814 


comp.       0,0018842 

2,9759100 

sine       8,5775660 

log.       1,5553602 


246.     When  the  line  A  B  is  in  the  same  horiiontal  plane  (fig.  37),  re- 
quired the  height  B  C. 
A  B  •  tan.  <  C  A  B  =  B  C. 

347.  Let  the  point  B  be  inaccessible  (see  fig.  37o).  Measure  A  D  =• 
m  in  the  direction  of  B ;  take  the  <  C  A  B  =  f,  and  C  D  B  =  g ;  then, 
by  E.  I,  16,  A  C  D  =  g  —  f  =  h ;  and,  by  E.  I,  32,  <  B  C  D  =  90'  — 
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248.     Let  the  inaeoessible  otjeot  C  E  be  on  tbe  top  of  a  hill,  whose 

height  above  the  horUontal  plane  is  required  (fig.  38). 

Aa  in  sec.  24a,  let  --'  C  A  B  =  f  =  W  00' 

<  C  D  B  =  g  =  67°  50' 

and  E.  I,  16,  <  A  C  D  =  g  —  f  =  h  =  23°  50' 


<BCD=p 
And  the  horizontal  distance  A  D  =:  c 

Bt  see.  246,  C  D  =        "'-- 
sine  h 


=  51°  00' 
=  22"  10' 


B  D  =  ~ — - — '- — —  =  B  C  •  tan,  <  B  C  D. 
And  bj  substituting  tte  yalne  of  B  C,  we  have- 


en,  their  difference,  C  E,  maj  bo  found. 

m  =  134  yards,  I 

f  =  W  OO'  log.  s: 

g  =  67°  50'  log,  3 

h  =  23'  50'  coseo.  (ar.  con 

B  C  =  213.36  yards  1 

BCD  =  p  =  22°  10'  t 

B  D  E  =  k  =  51°  00'  ti 

BE  =  107.83yard3  1 


Now  having  B  C  and  B  E 


2,1271048 
9,8417713 
9,0636533 
0.3935353 
2,8290649 
9,6100859 
10.0016308 
2,0307814 


.-.CE  =  106,03  =  height  required  over  the  top  of  the  hill. 

Note.  I  have  used  the  formula  or  value  of  B  E,  marked  *,  which  is 
very  BonTCnient.  The  data  of  this  probleui  ia  from  Keith's  Trigonometry, 
chap,  iii,  eiample  37. 

249.  Let  B  C  be  the  height  required,  situated  on  sloping  gronnd  A  B 
(seo  fig.  89).  At  A  and  D  take  the  vertical  angles  C  A  F  =  a,  equal  the 
angle  above  the  horizontal  line  A  F. 

<  C  A  B  =  f . 

<  C  D  B  =  k. 

<ACD=h  =  <BDC  —  CAB. 
<ACB  =  i  =  90°  —  <CAF. 

<  F  A  B  =  b. 

<AD  =  m,  aDdDB  =  n,  .-.  AB  =  ni  +  n. 
B  F  =  (m  +  n) .  sine  b. 


AF  = 


(m  +  n)  - 
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66  HEIQHTS    AND  MSTAHCES. 

Second  Method. 

250.     Measure  oo  the  elope  A  B  tha  distance  A  D  =  m ;  take  tho  -T 
C  A  B  =  f,  and  the  Tertioal  angles  EDB  =  pani)<CDE  =  q. 

m.ginef.ooB.  q 


Conaeqnently  CE  —  BE  =  CB. 
la  this  caae  tha  distance  B  D  is  aasuraed  inaccessible. 


251.     HaTing  fonnd  C  D  =  — -_ -,  we  ■a 

of  the  slope  D  B  =  n,  making  tlie  <  E  D  B 
<  E  D  C  =  q.     We  find  B  E  =  c  .  sine  b. 


re  OQ  the  continaation 
s  ahoTO  =  p,  and  the 


252.    Let  the  land,  from  A  towards  B,  be  too  nneTen  and  impracUcable 
to  produce  the  Une  B  A  (see  fig,  39). 

Measure  any  line,  as  A  G  =;=  m ;  take  the  horizontal  <  C  G  A  =  ». 

<  C  A  G  =  b. 

Then  180°  —  a  —  b  =  i  =<ACa  =  o. 

Let  the  yertioal  angle  C  A  F  =  o. 

<  C  A  B  =•  f . 

<  B  A  F  =  1. 

By  sec.  131,  A  C  =  "'.^'"^^ 


BF=    ; — 

Consequently,  CP  —  BF  =  BC  =  the  required  height. 
Example.     Let  <  ft  =  64=  80'  <  o  =  58" 

<  b  =  72°  10'  <  I  =  33° 

<  0  =  13°  20'  m  =  52  jarda,  to  find  0  B. 

To  End  C  F.     We  have  from  this  article  C  F  =  — — ^— ^ 

m  =  62  jarda,  log.       1,71600 

a  =  64°  30'  log.  sine       9,95549 

0  =  580  00'  sine       9,92842 

0  =  43°  20'  ar.  comp.       0,16353 

CF=58,1  log.       1,78343 
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m  =  I,T1600 

<  a  sine  6,95549 
<o  cosine  9,72121 
<c                                               ar.  ootop.       0,16352 

<  1  tao.  =  9,81252 
B  F  =  28,586,  log.  ~  1,36174 

.-.  58  —  23,536  =  34,484  joida  =  B  C. 

253.  At  sea,  at  the  diatanea  of  20  miles  from  a  lighthonsB,  the  top  of 
which  appeared  above  the  horizon ;  height  of  the  obseryer's  eye  above 
the  sea,  16  feet.  Required,  the  height  of  the  lighthouse  above  the  level 
of  the  sea.     Here  16  feet  =  0,003  miles. 

Assuming  the  circumference  of  the  earth  25020  miles,  and  its  semi- 
diameter  2982  miles. 

As  417  :  120  ::  20  miles  ;  0°  17'  10"  nearly  =  <  B  C  D. 
And  because  the  angle  at  D  is  right  angled, 
90  —  0°  17'  16"  =  89"  42'  44"  r=  <  C  B  D. 
e  <B  :  C  D  : :  rad.  : 


8  =  CD, 


og.  ^    3,6001013 


;10 


89"  42'  44" 


13,6001013 
log.  sine  =    9.9999945 


3.6001068 
B  C  =    3982,05 
AC=    3082 
A  B  =  ,05  milea 

5280 
A  B  =  264  feet,  26400 

By  sec.  107,  <  C  D  .  sec.  <  B  C  D  =  B  C.  But  as  the  secant 
angles  change  with  Kttle  difFerenoea,  it  would  be  unsafe  to  use  it, 
eiample,  <^  li  C  D  =  0"  17'  16",  the  secants  17'  and  18'  show  i 
ence  for  1'. 

264.  When  the  altitude  is  45°,  the  error  will  be  the  least  poaaible;  in^ 
which  case  V  would  make  an  error  of  j^  part  of  the  altitude ;  and  gener- 
ally the  error  in  altitude  is  to  the  error  committed  in  taking  the  altitude, 
as  double  tbe  height  is  to  double  the  observed  angle. — Keith's  TngonomeiTy, 
thap.  Hi;  example  xxix. 


•  differ- 


TRAVERSE   SURYEYIKG. 

255.  let  the  figure  A,  B,  C,  D,  E,  P  and  G  (see  fig.  17i)  be  the  poly- 
gon. This  is  the  same  figure  given  by  Gibson  on  plate  9,  fig.  3.  Let  8  N 
be  a  meridian  assumed  west  of  the  polygon ;  let  A  W  ^^  meridian  distance 
of  the  point  A  tVom  the  asaumed  meridian;  then  MB  =  mer.  dial,  of  the 
point  B,  N  C  =  mer.  diet,  of  point  C,  D  Z  =  mer.  dist,  of  point  D,  T  E 
=  mer.  diet,  of  E,  Q  F  =  mer.  dist.  of  the  point  F,  and  G  S'  =  mer.  dist. 
of  a.  Let  Y  I  =  mer.  dist.  to  middle  of  A  B,  0  K  =  mer.  dist.  to  the 
middle  of  B  C,  L  L^  =  mer.  dist  to  middle  of  C  D,  X  M  =  mer.  dist.  to 
middle  of  D  E,  R  R"  =  mer.  dist  to  middle  of  E  F,  P  a  =  mer.  diat.  to 
middle  of  F  G. 
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North  Area. 

W  M  .  Y  I  =  ai 

rea  of  A  B  M  W  = 

WM.TI 

M  N  .  0  K  =  ai 

rea  of  B  C  N  M  = 

JI  N  .  0  K 

NZ.LLi  =  a: 

rea  of  G  D  Z  N  = 

ZT.MX  =  a 

reaof  DETZ   = 

TQ,RR'=a! 

rea  of  E  F  Q  T  = 

Q  SI .  P  a  =  a: 

rea  of  P  G  3  Q  = 

Q  S>  .  P  a 

Berne  appeara 

the  following  rule, 

wliioh  h  substE 

Gibson's  Theorem  III        t* 

256.     Stile. 

M  1    ply  til     m      J 

d  t         t  k 

e-rety  stationary        h        1       by  th 

p    t      lar 

58  TBAYBKSE   BBBVEnNO. 

It  also  appears  that  W  M  ^  northing  of  A  B,  M  TJ  ^  the  northing  of 
B  C,  N  Z  =  southing  of  C  D,  Z  T  =  southing  of  D  E,  Q  F  =  southing  of 
E  F,  and  Q  S'  =  the  northing  of  F  0. 

By  the  method  of  finding  the  areas  of  the  trapeziums  [sec.  24),  we 
have  as  follows : 


K  Z  •  L  Li 
Z  T  .  M  X 
T  Q  •  a  Ri 


m  dd!e  of 
thing  of 
that  line. 

Put  the  produ  t    f        th    g  h        I  m      f        th  nd  the 

product  of  Dorthi  g        th       i  m      f       th  Th    iift  of  the 

area  columns  will  be  the  required  area  of  the  polygon  ;  to  which  add  the 
offsets,  and  from  the  sura  take  the  inlets.  The  remainder  will  be  the 
area  of  the  tract  which  has  been  suryeyed. 

To  Find  Ike  Numbers  for  Column  B,  mtitled  MerHian  Distance. 

267.  Let  AW  (fig,  \ld)  represent  the  first  number — viz.,  61,64  chains, 
and  N  Q  the  Srst  meridian  line;  and  since  the  map  is  on  the  east  side  of 
this  meridian,  all  those  lines  that  hare  cast  departure  witi  lie  farther  from 
the  first  meridian  than  those  that  have  west  departure  ;  therefore,  know- 
ing the  length  of  the  line  A  W,  the  length  of  the  other  lines,  I  Y,  B  M, 
etc.,  may  be  found  by  adding  the  eastings  and  subtracting  the  westings. 

The  first  meridian  is  supposed  to  be  the  length  of  the  whole  departure, 
or  the  entire  easting  or  westing  from  the  first  station ;  for  should  the  first 
etotion  be  at  the  eastermost  point  of  the  land,  the  first  meridian  will  then 
pass  through  the  most  westerly  point,  and  the  map  mill  entirely  be  on  the 
eafit  of  the  first  meridian. 

But  if  the  meridian  distance  be  assumed  less  than  the  whole  easting  or 
westing  from  the  most  easterly  point  of  the  land,  then  it  is  plain  that  the 
first  meridian  will  pass  through  the  polygon  or  map,  and  that  part  of  the 
land  will  be  east  and  part  west  of  that  meridian.  In  this  ease,  in  that 
part  which  would  be  east  of  the  meridian,  we  would  add  the  eastings  and 
subtract  the  westings ;  hut  in  that  part  west  of  the  meridian,  we  would 
»dd  the  westings  and  subtract  the  eastings. 

In  method  1,  the  sum  of  alt  the  east  departures  is  assumed  as  the  first 
meridian  distance. 

In  method  2,  the  first  meridian  is  made  to  pass  through  the  most 
■westerly  station. 

In  method  3,  the  first  meridian  is  made  to  pass  through  the  most  noi> 
therly  atation  of  the  polygon,  &B  station  E  (see  fig.  lib). 
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258.     Method  I.- 

-Commencing  Column  B  with  the  Sam 
DfpartuTei  (see  fig.  17J). 

/  all  the  Hoit 

Ee^riog. 

Di,t. 

v.ut. 

3., at 

B.  dep. 

W.dep. 

add  i  dep. 

iper.'diB. 

N.A^. 

8.  a™. 

Ch'DB 

29,13 
8,00 
9,00 
12,00 
10,00 
17,00 
11,00 
20,00 

ai,oo 

I7,6M 

29,178 
6,12S 
8,963 
7,714 

8,073 

B,661 
17,001 

East 
18,79* 
10,500 

0,0000 

6,im 

9,1025 
B,0000 

11,0000 
63«1 

1,6629 

18,1866 
17,1257 

N.  29,178 

0,000 

7,1752 

084,6979 
243,5659 
868,1336 
349,8376 

141,013 

North. 

7,1762   £. 
7,1752  E. 

K.6CPE, 

N.  6,128 
e.   2,57115 

42,3176   E. 

S.  BCPE. 

yf.  0,73145 

41,53605  E. 
40,7540  E. 

S.20°E, 

N.  7,714 
G.   4,59625 

15,35086  E, 
49,0471   E. 

S.  «PW 

S.    8,661 
E.   2,5000 

B,4471    E 
54,9471   E 

*54,2M6 

S.  17,001 
0,0000 

;4,9171   E 
54,9471   E 

In  column  A,  the  top  line  of  each 
pair  is  the  north  or  south  latitude, 
and  tie  under  number  is  half  the 

0,0000 
E,   6,5000 

50,4471   E 
55,94n    E 

In  column  B,  the  sum  of  all  the 
east  departures  is  assumed  as  the 

8.  18,791 
E.    8,4202 

=9,3673   E 
!2,78J6  E 

1308,6890 

the  first  meridmn  to  be  west  of  the 

S-  10,500 
W.  9,0933 

33,6942   E 
64,6009   E 

668,7891 

Tiie  meridian  distance  is  found  by 
adding  half  the  eastings  twice,  and 

W.  B,n28o 

31,1752  E 

Bubtracting  half  the  westings  twice. 
These  give  the  meridian  distances  at 
half  the  lines. 

2187,2488 

SS3 

B3,e!«i 

Example.     The  firat  line  ia  N.  lat.  j^rea  =:  117  ^  acres. 

29,178,  and  departure  =  0,   .■.   0 

added  to  37,162  gives  the  meridian  distance  =  87,152,  and  37,152  -|-  0 
=  37,152  =  lower  number  of  the  first  pair  in  column  B.  The  neit  half 
departure  ia  =  5,57115  east,  .-.  2,57115  +  37,152  =  meridian  disUnoe 
=  89,7463;  add  2,57118  to  39,7463;  it  will  give  the  uncier  line  of  second 
pair  =  i2,3175.  From  42,3175  take  half  the  neit  departure,  0,78145, 
and  it  givea  meridian  distance  ^  11,53605,  etc.,  always  adding  the  eaat- 
inga  and  subtracting  the  westings. 

The  product  of  the  upper  numbers  in  columns  A  and  B  will  give  the 
areas.  If  the  upper  number  in  column  A.  is  north  latitude,  the  product 
is  pat  under  the  heading,  north  area ;  but  if  the  upper  number  in  column 
A  be  aouth  latitude,  then  the  product  ia  put  under  the  heading,  south 

Having  found  the  last  number  in  oolunm  B  to  agree  with  the  first 
meridian  distance  at  top,  ia  a  proof  that  the  calculation  is  oorftct. 

The  difference  between  the  north  area  and  south  area  columns  deter- 
mine the  area  of  the  given  polygon  in  square  chains. 

The  area  could  be  found  in  like  manner  by  assuming  the  prindpal 
meridian  east  of  the  polygon,  and  adding  the  iceitinga,  or  wat  depaTtura, 
Etnd  subtracting  the  eastingt,  or  east  drpaHuTct. 
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Mbthod  II. — The  First  Meridiart  paaset  through  the  Mo»l  Wttttrly 
SWiion  (see  fig.  17i). 


Korth. 
N.  *0°E, 
N.  ItPW.   : 


N.  29, ITS 
0,000 


2,57116  E.   1 
5,14230  E. 


S.20°E,  a 
S.  60=  W.  2 
N.SCPW.  1 


3,0730 


17,42 


In  this  esample  we  take  the 
rected  dUtances  and  correct  balance 
Eheet ;  tbat  ia,  the  numbers  are  such 
as  to  give  the  northings  equal  to  the 
Eouthings,  and  the  eastings  equal  to 
the  westings  (see  sec.  220). 

By  sec.  221,  the  point  or  station 
A  is  found  to  be  the  most  westerly 
station  on  the  surrey. 

By  making  the  first  meridian  pas 
through  the  most  easterly  station 
we  find  the  area  by  adding  the  west 
tags  and  subtracting  the  eastings. 


17,77190  E 
0  17,77190  E. 
0  22,27190  E. 
0  28,77190  E. 

32,10210  E. 


Korth  area  =^ 
Area  of  the  polygon  =  117,36288  a 

By  first  method  =  117,36292  a( 
ly  second  method  =  117,36288  a( 


This  ia  satisfactory  proof. 


Note.  Xbe  Eurveyor  ought  to  adopt  some  uniform  system,  as  by  this 
means  he  will  be  io  less  danger  of  committing  errors.  I  have  invariably 
made  the  principal  meridian  pass  through  the  most  westerly  station  of 
the  polygon  according  to  this  method,  and  checked  it  by  the  third 
method,  thereby  making  one  method  check  the  other.  Making  lie  first 
meridian  pass  through  the  polygon  requires  less  figures,  but  more  care 
in  passing  from  east  to  west,  and  vke  vena;  also  in  entering  the  areaa 
in  their  proper  colmuos,  as  sometimes  the  corth  area  is  to  be  put  in  the 
south  area  columns,  and  the  contrary.  But  in  the  ficat  and  second 
methods,  the  north  area  is  always  put  In  north  area  column,  aad  the  south 
area  in  south  area  column. 
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260.     Method  III.— Ws  F-rst  Meridian  passu  throagh  the  Moil  Norlhem 
Slalion  of  the  Polygon,  as  through  Station  E  (see  fig.  17i). 


Baring. 

Dist 

N.lat 

S.  lat 

E.  dep 

W.dep 

anij  i  dep. 

icGr.  i\sl. 

..a™. 

S.A«.. 

10,00 
17,00 
11,00 
20,00 
21,00 
1T,6M 

8,00 
9,U0 
12,110 

3,0-30 
29,173 
6,128 
8,803 

8,asi 
n,ooi 

0,000 
10,600 

6,0000 
0,0000 
11,0000 
6,S4Q4 

5,U23 
9,1925 

18,18(36 
17,425- 

1,5829 

S.    8,661 
E.   2,6000 

0,0000 

s.atPE. 

2,5000   E 
5,0000   K 

21,625 

East. 

S.  17,001 
0,0000 

5,0000   E 
6,0000    E 

85,0050 

S.  60=W. 

0,0000 
E.   5,5000 

10,5000    E 
16,0000    E 
19,4202  E 
22,8i04    E 

N.  40=  E. 

S.  18,79i 
E.   3,4332 

394,9832 

,.^^ 

S.  10,600 

N-~3^ 
W.  8,7129 

13,7471    E 
4,6538    E 
4,0691  W. 

12,7720  W, 

144,3446 

In  this  raellioi),  evtrylhiag  is  the 

"'"■" 

finding  the  areas. 

N.  39,178 
0,000 

a,7!20  W. 
12 ,7720  W. 

372,6614 

plied  by  theic  respective  east  merlJ- 
ian  distances,  are  put  in  their  re- 

N.  G,128 
E.    2Ji711 

10,2009  W. 

7,6298  W. 
ll4li2~W 

B,M27  W 

62,6111 

Bpeotive   columns   of   areas,   as    in 
methods  1  acd  2  ;    bat  Qortli   and 
south  latitudes  multiplied  by  their 
respective  west  meridian  distancea. 

ff.  8,963 
W.  0,7814 

74,5485 

S.  7,714 

4,5965  W. 

35,4571 

That  ia,  S.  lat.  X  E.  mer.  dist.  is 
put  in  south  area  coluiuo ;  N.  lat.  X 
•E.  mer.  diit.  is  put  in  north  area 
oolumn ;  S.  lat.   /  W,  mer.  dial,  is  p 

t  in  nortli 

Second  method  = 
area  oolumn ;  N 

J17,3629 
117,3629 

lat.  X 

The  proof  of  the  above  rule  will  appear  from  the  following  (see  fig.  ]76). 
Draw  the  meridian  E  W  through  the  point  or  station  E ;  let  p  F,  g  H, 
r  D,  s  K,  R  8,  C  w,  and  O  x,  be  the  departures  respectively. 


n  F  X  4  F  P  =  aoath  X  by  east  =  a 
FGxiCFP  +  aq)  =  south  X  by  east  =  a' 
mIXJ(fIq  +  Ir):=  south  X  tiy  east  =  «■" 
I  L  X  i'  (I  r  +  K  L)  south  X  by  east  =  a'" 

This  includes  figure  IrvK  +  A^KS,  SK  being  the 
east  meridian  distance  of  K;  then  S  K  —  J  (^  A)=:raer. 
dist.  of  the  middle  of  the  line  A  K,  which  is  —  or  east,  if 
S  K  ia  more  than  J  A  K ;  hut  if  S  K  is  more  than  J  A  K, 
then  the  meridian  distance  will  be  +  or  east,  and  if  the  to 
equal  to  i  A  K,  then  the  mer.  dist.  of  line  K  A  =  o. 

h 
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We  now  suppose  that  S  K  is  less  thiLD  E  A ;  tberefore  m«T.  distance  to 
middle  ofKA  =  SK  —  5Ag  =  west  or  aegatiTe,  and  (S  K  —  J  A  Q) 
,  g  K  =  figure  gKsy  —  AAeK  =  figure  gKyy  +  KTS  —  AAgK; 
but  the  meridian  distance  being  negative,  .-.  the  product  must  be  nega- 
tive;  that  is,  the  above  product  /\  AgK  —  gKvyKv  S,  which  is 
equal  to  the  A  ^^  T  ^'  l^eoause  we  have  to  deduct  gKvy-|-Kvs,  which 
have  been  including  the  figure  Kirs;  consequently  north  by  west  ia  to 
be  added  or  put  in  south  area  column.  Let  this  area  be  eiiual  to  b,  and 
entered  in  the  soutli  area  column.  The  mer.  dist.  of  A  ia  the  same  as 
that  of  B,  and  Is  found  by  adding  J  A  g  to  the  last  mer,  dist.  to  the  mid- 
dle of  A  K.  That  mer.  dist,  X  by  A  B,  gives  an  area  to  be  added  = 
figure  g  A  B  b  =  b',  which  is  pat  io  south  area  column.  Also  the  mer. 
dist,  in  middle  of  B  C  is  west,  which  multiplied  by  B  C,  will  give  the  ares 
B  C  w  b  =:  h",  whioh  put  in  south  area  column.  In  like  manner  wo  find 
the  area  C  D  i  w  =^  h'",  which  put  in  south  area  column  ;  and  the  area 
of  D  E  I  is  west  of  the  meridian  b"",  and  is  to  he  put  in  south  area 
column. 

Bence  it  appears  that  those  ai 
pat  tinder  their  respective  heads,  S.  and  iV 


261.     Calculating  the  Offsets  end  Tnleta.     (Scefy.  ITe.) 


Uael. 

Ba=. 

Sam 

°».°a!' 

s 

On  a  to  b 

ill 

TV 

lyuu 

107 

78 

834li 

108 

84 

8652 

116 

14 

1604 

OnbtoF 

38 

16 

1568 

190 

46 

87*0 

102 

60 

5100 

94 

30 



2820 

Sum  of  addition,       20562  18228 

Difference,                   2334,  to  be 

added  to  t 

hear 

a  of 

thepo 

ygon.  1 

The; 


.|  show  between 


what  points  on  the  line  cbe  areas  are 
calculated. 

When  the  area,  and  not  the  doubU 
area,  of  the  polygon  is  given,  then  ire 
take  half  the  double  area  of  the  differ- 
ence of  the  offset  and  inlet  columns, 
and  add  of  subtract  to  or  from  the  area 
of  the  polygon,  as  may  be  the  case.    , 
In  making  out  the  bases,  we  subtract 
150  from  190;  put  the  difference,  40, 
in  base  column,  and  opposite  which, 
in  offset  column,  put  14;  then  40  X  14 
will  give  double  the  area  of  the  A  '>6- 
tweeu  150  and  190. 
Again,  take  190  from  297 1  the  difference,  10^,  is  put  in  base  column, 
opposite  to  which,  in  offset  column,  ia  put  78  ^  14  +  64 ;  then  107  X 
78  =  double  the  area  of  the  trapeiium  between  190  and  297. 


:s  facilitates  the  computation  of  offsets 


ThiB  method  of  beeping  fii 
8Dd  plotting  detul. 

We  begin  at  the  bottom  of  the  page  or  line,  and  enter  the  field  notes  as 

we  proceed  toward  the  top  or  end  of  the  line.     The  chain  line  may  be  a 

apace  between  two  parallel  lines,  or  a  single  line,  as  in  fig.  Me.     If  the 

field  book  is  narrow,  only  one  line  ought  to  be  on  the  width  of  every  page, 

_  and  that  up  the  middle  (see  sec.  211J. 


V  Google 


TB  A  VERBS    aOBTBTINd. 


262.     Field  Book,  tfo.  16,  Page  61. 

On  tlie  first  day  of  May,  1838,  I  oomraenced  the  survey  of  part  of 
Flaskagh,  in  the  parish  of  Dunmore,  aud  county  of  Oalway,  Ireland,  sur- 
Yeyed  for  John  Connolly,  Esq.  Mich'l  McDebmott,  C.  L.  S. 

Thomas  LTNSKEy,  \  ^         j 
Thouas  King,        / 

The  Bngles  hare  heen  taken  by  a  thsoiioUte,  the  bearing  of  one  lino 
determined,  from  which  the  following  bearings  have  been  deduced  (see 
fig.  17fi).      Land  itpt  on  the  right. 

We  begin  at  the  moat  northerly  station,  as  by  this  means  we  will  alwaja 
add  the  south  latitudes  and  subtract  the  north  latitudes. 

Explanalion.  On  line  1,  at  distance  210,  took  an  offset  to  the  left,  to 
where  a  boundary  fence  or  ditch,  etc.,  jutted.  The  dotted  line  along  said 
fence  ehons  that  the  face  nest  the  dots  is  the  boundary. 

At  297,  offset  of  64  links  to  Mr.  James  EoGEft's  schoolhouse. 

At  340,  offset  of  70  links  to  south  corner  of  do. 

The  width  =  30,  set  down  on  the  end  of  do. 

At  400,  offset  to  the  left  of  14  links  to  a  juttiog  fence. 

From  150  to  400,  the  boundary  is  on  the  inside  or  right,  as  eliown  by 
the  oharactera  made  by  dots  and  small  circles  joined.  See  characters  iu 
plates.  From  this  point,  400,  the  boundary  continues  to  the  end  of  the 
line,  to  be  on  the  left  side  of  fence. 

At  804,  met  creek  30  Jinks  wide,  6  deep,  clear  water,  ransing  in  a 
southern  direction. 

At  820,  wet  further  bank  of  do. 

At  830,  dug  a  triangular  soil  ont  of  the  groand,  making  the  vertex  the 
point  of  reference.  Here  I  left  a  stick  6  inches  long,  split  on  top,  into 
which  split  a  folded  paper  having  line  1—830  in  pencil  marks.  This  will 
enable  us  to  know  where  to  begin  or  close  &  tine  for  taking  the  detail. 

At  960,  offset  to  the  right  20  links. 

At  1000,  met  station  F,  where  I  dug  3  triangular  sods,  whose  verteiea 
meet  in  the  point  of  reference.     This  we  call  leading  mnri. 

The  distance,  1000  links,  is  written  lengthwise  along  the  line  near  the 

The  station  mark  is  made  in  the  form  of  a  triangle,  with  a  heavy  dot 
in  the  centre. 

Distaaoes  from  which  lines  started  or  on  which  lines  closed,  are  marked 
with  a  crow's  foot  or  broad  arrow,  made  by  t  short  lines  meeting  in  a 

Along  the  line  write  the  number  of  tie  line  and  its  bearing. 
Line  2  may  be  drawn  in  the  field  book  as  in  this  figure,  or  it  may  be 
continued  in  the  same  line  with  line  I,  observing  to  make  an  angle  mark 
on  that  side  of  the  liae  to  nhioh  line  3  turns.  This  may  be  seen  in  lines 
4  and  5,  where  the  angle  mark  is  on  the  right,  showing  that  line  5  turns 
to  the  right  of  line  4. 

Line  2,  total  distance  to  station  G  =  1700  links.  The  distance  from 
the  station  to  the  fence,  on  the  continuation  of  line  2,  is  10  links,  which 
la  Bet  oorreotJ.v  on  the  line. 


Hpgted;by 


Google 
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Key  offitt.  See  where  line  2  atarts  from  end  of  line  1.  At  the  end  of 
line  1,  offset  to  corner  of  fence  =  10.  At  10  links  on  line  2,  offset  to 
corner  =  2.  This  is  termed  the  kej  offset,  and  is  always  required  at 
each  station  for  the  computation  of  oSsets  and  inlets. 

Running  from  one  line  lo  another.  We  mention  the  distance  of  the  points 
of  beginning  and  closing  as  follows  ; 

3  that  tbe  line  started  from  8 


j  i 


md  cloaed  on  600,  line  5.     It  also  ahowa,  from  the 


n  which  distances  804,  820  and  830  ai 


that  the  l!ae  turns  to  the  right  of  line  1.  When  we  use 
a  distance,  as  830,  etc.,  we  make  2  broad  arrows  oppo- 
site the  distance.  This  will  enable  us  to  mack  them 
off  on  the  plotting  lines  for  future  reference. 
[  We  take  detail  on  this  line^it  will  serve  as  a  oheck 
-=■  when  the  scale  is  2,  3,  or  4  chains  to  1  incb  scale. 
We  number  it  and  enter  it  on  the  diagram,  which  must 
always  be  on  the  first  page  of  the  surrey.  The  diagram 
will  sbow  the  nuoiber  of  the  line;  the  distances  on  which  it  begins  and 
ends ;  the  reference  distances.  This  will  enable  the  sarveyor  to  lay  down 
his  plotting  or  chain  lines,  and  (est  the  accuracy  of  the  surrey.  Having 
coBjpleted  the  plotting  plan,  we  then  fill  in  the  detail,  and  take  a  copy  or 
tracing  of  it  to  the  field,  and  then  compare  it  with  the  locality  of  the  detail. 
This  comparison  is  made  by  seeing  where  a  line  from  a  corner  of  a 
buil<Ung,  and  through  another  comer  of  a  fence  or  building,  intersects  a 
fence;  then  from  the  interaecti en  we  measure  to  tbo  nearest  permanent 
object.  We  draw  the  line  in  pencil  on  the  tracing,  and  compare  the  dis- 
tance found  by  scale  with  the  measured  dietflnee.  Some  surveyors  can 
pace  distances  near  enough  to  detect  an  error.  On  the  Britjsh  Ordnanca 
Survey,  the  aietchers  or  eiaminers  seldom  used  a  chain,  unless  in  filling 
in  omitted  detail. 

On  Supplying  Lost  Lines  or  Bearings. 

263.  It  would  be  unsafe  to  depend  on  this  method,  unless  where  the  line 
or  lines  would  be  so  obatructeil  as  to  prevent  tbe  beatings  and  dislanees  to 
be  taken.  The  snrveyor  seeing  these  difficultlea,  will  talie  all  the  avail- 
able bearings  and  measure  the  distances  with  the  greatest  accuracy,  leav- 
ing no  possible  doubt  of  their  being  correctly  taken.  Then,  and  not  tili 
then,  can  he  proceed  to  supply  the  omiasions. 

Caie  1.  In  fig.  176,  we  will  suppose  (hat  all  the  lines  and  bearings  have 
been  correctly  taken,  but  tbe  distance  I  K  has  been  obliterated,  and  that 
its  bearing  is  given  to  find  the  distance  I  K. 

Let  the  bearing  of  I  K  be  S.  60  W.  From  aec.  250,  method  2,  we  have 
calculated  the  departure  of  K  from  the  line  A  B  =  17,4257 

departuieoflfromdo.  =35,6123 

consequently  the  departure  of  line  I  K  is  =  K  L  =  18.1866 

We  have  the  angle  K  I  L  =  60°,  therefore  the  <  I  K  L  =  30°,  and  its 
departure  =^      ,5000 

The  proiuct  of  the  liat  two  numbers  will  give  [by  see.  167)  I  L  =  9,0S3S 
By  E  I,  47,  from  having  I  K  and  K  L  we  find  10,50  =  I  K 

orIL  =  9,1933,  dividedbythelat.  or  cos.  of  00°  or  ,86603  =  10,50-=  IK 
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Lat,  K  A  ==    8,0728  N.  Lat.  E  F  =    8,6610  S, 

Lat.  A  B  =  29,17ti0  K.  Lat.  F  G  =  17,0010  3. 

Lat.  U  C  =    6,1280  N.  Int.  R  I  =  18,7940  S. 

Lat,  C  D  =    8,8630  K.  44,456    S. 
Lat,  i)  E  =    7.7140  N. 
54,1)556  N, 

Lat.  I  L  =  10,4!t0(i,  nnd  from  above  K  L  =  18,1806. 
Therefore,  by  E.  1,  47,  KL'  +  LI2=KI=;  conaequentlj  K  I  is  found. 
Bat  I  K  .  tns.  <  K  I  L  =  I  L. 

IL 
Therefore =  ooiino  <  K  I  L,  wbicb  take  from  table  of  lat.  and  dep.. 


KL 


t  givi 


<  K  1  L  =  60°.     Consequently  the  bearing  is  8.  60" 
9,0083 

"""■^     .COS.  <IKL;  .■.  the<IKL^ao°, 


the  bea 


51,8880 
44.45G0 
7,4270 
35,6123 


5,6123^,9789  =  36,38. 


10,50 
iring  of  the  line  E  I  =  N.  00°  E.  from  station  K. 

Case  3.  Lei  there  be  two  line)  wauled  uikose  bearings  are  inoion  to  be  S. 
60=  W.  and  If.  80"  W. 

Hare  the  station  K  may  be  obstructed  by  being  in  a  pond,  in  a  building, 
or  that  buiidiiigs  are  erected  on  part  of  the  lines  I  Kand  A  K  (see  fig.  17J). 

We  find  fronj  case  2  tliat  A  is  south  of  F  = 
I  is  south  of  F  = 
A  is  Boutli  ofl^tg^Aa^ 
We  have  above,  a  I  =  dep.  of  I  =  d  = 

Now  wo  have  A  a  and  a  I,  .-.  wc  find  the  line  A 
And  A  a  divided  by  a  I  gives  the  tangent  of  <  A  I 
And  the  <  Ala  =  11°  47'. 
.-.  I  a  divided  by  (bo  cosine  10°  ^J 

Now  we  have  tho  <  A  I  a 
and  the  <  A  a  I  =  gO" ;  .  ■ .  the  <  a 
consequently  the  <;  g  A  I 
butthe<g  A  K 

Again  the  <  K  I  a 
ami  the  <  A  1  a 
And  by  Euclid  I,  32.  we  have  the  <  A  K  I  =  140°  30'. 
By  Beo.  194,  we  have  sine  <  A  K  I  :  A  I : :  sine  <  A  I  K  :  A  K. 
sine  <  A  K  I :  A  I ::  sine  <  K  A  I :  K  I. 

Case  4,  Let  all  the  sides  be  given,  and  all  Ihe  bearings,  except  the  bearingt 
of  I  K  and  A  K,  to  find  these  bearings. 

By  the  above  methods 
of  the  meridian  A  B, 

We  also  have  the  diiference  of  lat.  of  the  points  A  and  I  =  t  g  =  A  o. 
.■.  (A  a)^  -1-  {I  a)'  i=  the  square  of  A  I;  .■.  A  I  may  be  found. 
Or,  A  a  -=-  1  11  =;  tangent  of  the  <  A  I  a ;  ,  ■ .  <;  A  I  a  may  be  found. 
And  I  a  ---  COS.  <  A  I  a,  will  give  the  side  A  I. 

Now  having  the  sides  A  I,  A  K  and  K  1,  by  sec.  205,  we  can  find  the 
angleaK  Aland  K  I  A.  And  the  <  A  I  a  and  <  A  I  E  are  given ;  .-. 
their  sanl  <;  A  I  K  is  given;  .'.the  bearing  of  the  line  I  K  is  given. 


=  11°. 


=  10°  00', . 
=  30°  00' 
=  11°  47', 


.<EAI 


=  21°  47' 


=  AIK  =  18°13'. 


ean  find  the  departure  a  i  of  the  point  F,  east 
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Calculation  0/  an  Exler, 


Llaa. 

B^... 

chluDB 

y.Ui- 

8...t. 

E.d.p. 

W-dep, 

TtT 

W." 

B^ 

N.  40°  E. 

"8^ 

6,1283 

5,1423 

6,128 

CD 

N.  10"  W, 

9,00 

8,8033 

1,5629 

8,803 

DE 

K.  50"  E. 

12,00 

7,7135 

9.1925 

7,714 

EF 

S.  30«  E. 

10,00 

8,6603 

5,0000 

8,660 

FG 

South. 

17,00 

17,0000 

17,000 

GH 

East. 

11,00 

11,0000 

HI 

S.  20=  E. 

20,00 

18,7938 

6,8404 

18,794 

IK 

S.  60°  W. 

21,00 

10,5000 

18,1866 

10,500 

KA 

N,  80°  W. 

3,0727 

17,4260 

3.073 

AL 

North. 

7^00 

7,0000 

7,000 

LM 

West. 

8,00 

8,0000 

MK 

N.  65-  W. 

9,00 

6,1622 

7,3724 

5,162 

NO 

N.  75°  W. 

7,00 

1,8117 

6.7615 

1.812 

OP 

N.  27=  W. 

0,00 

5,3461 

2,7239 

5.346 

PQ 

N.  33°  E. 

10,00 

8,8867 

5,4464 

8.387 

QR 

N.  77°  W. 

9,00 

8,y330 

],0968 

8!933 

R8 

N.  37°  W. 

9,00 

7,1878 

5,4163 

7.188 

ST 

N.  13°  E. 

11,00 

8,0449 

7,5020 

8,045 

TU 

S.  52°  E. 

18,00 

8.0036 

10,2441 

8,003 

UB 

,S.  20°E. 

16.80 

14,6936 

8.1448 

14,694 

77,6502 

77.6612 

68,5125 

68,5460 

T7.65I 

77:651 

wants  bat  1,3  links. 


i.  A,  which  tlteoreticallj'  should  close  0 


To  find  ike  MoU  Wisterly  Station. 
By  looking  to  fig.  17rf,  it  will  appear  thjit  eiiier  the  point  S  or  P  is  the 
most  westerly. 

L  M  ^    8.000  west. 
MN^    7,370  W. 
N  0  =    6,766  W. 
0  P  =    2.722  W. 
Poiat  P  =  24,858  w«3t  of  the  assumed  point  L. 
FQ=    6,448  E. 

19,410. 
Q  E  =.    1,096  W. 
E  S  ^    S,414  W. 
Toint  S  =  25,919  west  of  the  assumed  point  h. 

Therefore  tlie  point  S  is  the  most  westerly  slsdon,  tiirough  which,  If 
the  first  meridian  be  ma<Ie  to  pass  liie  area,  can  be  found  by  the  second 
method. 

To  Find  the  Meridian  Dislanea. 
When  the  first  mer.  passes  through  the  most  westerly  station,  we  add 
the  eastings  and  subtract  the  westings. 

Whan  the  first  mer.  is  through  tbe  most  easterly  station,  we  add  the 
westings  and  subtract  the  eastiaga. 

When  the  first  mer.  passes  through  the  polygon,  we  add  the  eastiags  in 
that  part  east  of  the  first  mer.,  and  subtraet  them  in  that  part  west  of 
that  mer.  We  also  subtract  the  westings  in  that  part  east  of  that  mer., 
and  add  them  west  of  it. 


V  Google 


Median  is  made  the  Bait  Lint  A  B,  at  each  of  wkkh  a  Station 
by  the  Third  Method. 


Equstea 
Kdep. 

K? 

Ao.latilmle, 

M.r,di'J.bt. 

1,-p.tb^e. 

^utb.™.. 

6,146 

1,561 

18,184 
17,423 

8.000 
7.370 
6.760 
2,722 

1.095 
5,414 

N. 
E. 

6,128 
2.572i 

2,5721  E. 
6,146 

15,7643 
88,6825 
63,1121 

26,8258 
0,1260 

106,1915 
59,8487 

9.]  95 
6,002 

0,780i 

3:684^ 

11.002 

N. 
E. 
S. 
E. 

4,&97| 

12.779 

6,842 

2.601 

17,781 

132,3248 

0.000 

17,781 

302,2770 

E. 

0,000 
6.501 

28.783 

a. 

E. 

3,421 

82,204     E. 
85.625 

605,2420 

6,448 

w. 

9.092 

26.633     E. 
17,141 

278,5966 

7,503 

3,073 
8,711i 

0.018 

* 

10,246 
8,146 

H. 

7,000 
0.000 

0,018     E. 
0.018 

68,529 

vr. 

4,000 

w. 

3,685 

15,352 

60,2251 

■ff. 

3,380 

18.732    W. 
22.112 

33,9434 

w. 

6,8J6 
1,361 

23.473    W. 
24.884 

125,4867 

E. 

2,724 

22,110    W. 
19,386 

185,4366 

W. 

0,547J 

20.481 

178,0660 

W. 

2,707 

23.18S    W. 
25,895 

166,6753 

E. 

3,751J 

18'392 

178,1445 

E. 

8.003 
5.123 

13,269    W. 
8.146 

8. 
E. 

14.694 
4,078 

4.073    W. 
0,000 

810,5513 

2246,4179 

810.6618 

Beqnired  area  =:  1935,^  <sha.in3,  c 
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VARIATION   OF   THE   COMPASS. 


264a,  Id  surveying  an  estate  such  -is  that  sliown  in  fig.  17c,  w«  run  a 
base  line  thrtugh  it,  such  as  A  M.  We  find  the  mngnetio  beaHog,  and  its 
.  vfiriBtion  from  the  trne  meridian.  We  measure  it  over  carefully,  then 
lake  a  fly-sheet  and  remeaBure  the  sanic,  then  compare,  and  survey  a 
third  time  if  the  two  surveys  differ.  Witii  good  care  in  chaining,  it  is 
possible  to  make  two  surveya  of  a  mile  in  length  to  agree  withia  one  foot. 
With  a  fifteen  feet  pole  they  agrue  very  cloaely. 


We  refer  the  bE 
Theodolite  at  stal 
OntheS.W.  corn 
On  theS.E.  corof 
Oq  the  S.W.  corn 
On  the  N.E.  oorm 
Oq  tbeM.W.  corr 

Any  two 


\  M  b 


nM, 


it  objects  as  follow! 


15°  11' 


■ner  of  St.  Paul's  tower, 

Dcr  of  the  Court  House  (main  building),  27"  10' 

■ner  of  John  Canoannon's  Mill,  41"  16' 

ner  of  John  Doe's  6tone  house,  276"  15' 

rner  of  Charles  Roe's  house,  Sll"  02' 

iree  of  these,  if  remaining  at  a  future  date,  would  enable 
A  delermine  the  base  A  M,  to  whiob  all  the  other  lines  may  be  referred. 
The  variation  of  the  compass  is  to  be  taken  on  tbe  line  at  a  station 
where  there  ia  no  local  attraction,  the  station  ought  to  be  at  same  dis- 
tance from  buildings. 

We  find  the  magnetic  bearing  of  A  M  =  N.  64°  10'  E.,  as  observed  at 
the  hour  of  8  *.  m.,  8th  December,  I860,  at  a  point  671  links  north  of 
station  A,  on  the  base  line  A  M.  Thermometer  ^=  40°,  and  Barometer 
29  inches. 


Let  the  latitude  of  station 

Polar  distance  of  Pole  Star  (Polaris) 
(Declination  of  Polaris  being  =  88°  34'  S' 
by  taking  the  declination  from  90,) 


=  53=  45'  00" 
=    1°25'30" 
^s  polar  distance  is  found 


le  Polans  will  be  at  it»  Greatest  Aiiiimth  or  Ekng 


To  Find  a 

2e4i.  Ruk.  To  the  tan.  of  the  polar  dist.  add  tlii 
from  the  sum  take  10.  Tbe  remainder  will  be  the  < 
angle  in  space,  which  eliange 


of  the  lat. ; 
of  the  hour 
here  meaus  sidereal. 


To  Find  the  Orealeal  Azimuth  or  Searing  of  Polarii. 
264c.     Rule.     To  radius  10  add  sine  of  tbe  polar  distance ;  from  the 
■  sum  take  the  cosine  of  the  latitude.     The  remainder  will  be  the  sine  of 
the  greatest  azimuth. 

To  Find  the  AUHisde  of  Polaris  mhen  at  its  Greatest  Atimuik. 

264rf.  Rule.  To  the  sine  of  the  latitude  add  10;  from  the  sum  take 
the  cosine  of  the  polar  distance.  The  difference  will  be  the  log.  sine  of 
the  altitude, 

In  the  above  example  we  have  lat.  =53°  45',  and  its  tan,  =  10,1357566 
Polar  distance  =  1°  25'  30",  and  its  tangent  =   8,3957818 

88°  3'  05"  =  hour  angle  in  space,  whoso  cosine  ~   8,5315414 


This  changed  int 


le  gives  0 


,,52m 


,  12,3  s. 


the  upper  meridian  passage  to  the  greatest  elongatlo: 


This  gives  tfae  I 
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P  THB  COMPAIS. 


264e.  From  Naut.  Almanac,  star's  right  ascensiou  =  lb.  01 
Sun'a  right  aaceDSion  of  mean  sun  (sidereal  lime}  —17  0' 
Sidereal  time,  from  noon  to  upper  trausit  ^7     6! 

Bldereal  time,  from  upper  transit  to  greatest  azimuth  =5     0' 
Sidereal  time  from  noon  to  greatest  eastern  azimuth    =    2     58      52 

Now,  as  this  is  in  clay  time,  we  oannot  take  the  star  at  its  greatest 
eastern  elongation,  but  by  adding  5h.  E2ra.  12,3s.  to  7h.  68m.  G2,6a 
find  the  lime  of  its  greatest  western  aiirauth  =  13li.  51m.  4,9a.  from 
noon  of  the  Sth  December,  and  by  reducing  this  into  mean  time,  by  ts 
lii,  ire  have  the  time  by  watch  or  chronometer. 


To  Find  the  Altitude  and  Azii 


ulh  in  the  ai. 


+  10,9065-6 

ooa.  =   9,771815 

=    9,999860    ai 

ne  + 10 +  18,895648 

=    9, 906700 

6ine=    8,623833 

Greatest  a 

imuth  =  2°  24'  37". 

*.        So 

*| 

^ 

&  1       * 

*       1 

« 

RSAMiJOK,  OP  Dip 

EE,orTHBPLOU3E, 

264/.     Lat,53''45'N.,sine  + 
N.  polar  diat.  1"  25'  80",        c( 

Trae  altitade  =  53*  46'  27". 

Alpha  and  Beta,  are  term- 
ed the  pointers,  or  guards,      * 
because  they  point  out  the     '2 
Pole  star,  which  is  of  the     -3 

and  nearly  on  the  same  line. 

The  distance  from  Alpha 
Ursaniajor  to  the  Pole  star 
is  about  five  times  the  dialanoe  between  the  two  pointers. 

When  Aliolh  and  Polaris  are  on  the  same  vertical  line,  tbe  Pole  star  is 
supposed  to  be  on  the  meridian.  Although  this  is  not  correct,  it  would 
not  differ  were  we  to  run  all  the  lines  by  assuming  it  on  the  meridian; 
but  aa  we  sometimes  take  Polaris  at  its  greatest  aaimuth,  both  methods 
would  give  contradictory  results. 

2fi4ji.  Aliolh  and  Polaris  are  ahoaya  on  opposilt  sides  of  t}it  trits  pol4. 
This  simple  fact  enables  us  to  know  which  way  to  make  the  correction 
for  the  greatest  aiimuth.  (For  more  on  this  subject,  see  Seguel  Canada 
Sarveyiiig,  where  the  construction  and  use  of  our  polar  tables  will  be 
fully  explained.) 

Vanation  of  the  Compass. 

264ft.  Variation  of  the  compass  is  the  deviation  ahown  by  the  north 
end  of  the  needle  when  pointing  on  the  north  end  of  the  mariner's  compass 
and  the  true  north  point  of  the  heavens ;  or,  it  is  the  angle  which  is  made 
by  the  true  and  magnetic  meridians.  N  M 

When  the  magnetic  meridian  is  west  of  the 
true  meridian,  the  variation  ia  westerly. 

Let  S  N  =  true  meridian,  S  =  south,  and 
N  =  north. 

Let  M  0^  magnetic  meridian  through  sta- 
tion 0. 

Let  the  true  bearing  of  B  =    N.  60°  40' B.    * 

Let  the  magnetic  do.         =    H.  50°  60'  E, 
Variation  eaat  =  8°  GO' 
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:ueNortbPolB,  M 
N.  60'^  m'  E. 
=     N,  70=  40'  E. 


Let  M  ^=  magnetic  and  N 

Let  the  true  bearing  of 

Let  the  magnetic  (Jo. 

VariatlOQ  west  =  9°  SO' 

Here  the  true  bearing  is  to  the  left  of  tbe 
magnetic. 

In  the  first  esample  we  protract  the  <  N  0  C 
1=  <  M  0  B,  which  show  that  li  ia  to  the  right 
ef  C. 

In  the  second  example  we  make  the  <;  N  0  D 
=  M  0  E,  which  shows  that  B  is  to  the  left  of  I». 

Henee  appears  the  following  rule  ; 

Svle  1.     Count  the  oompass  and  true  bearings  from 
north  or  south  towards  the  right. 


S  to  the  righ      f    h    m  g 


0  tlio  1  f     f    h    1 


Example  3.     Let  the  true  bearing  =  N  60   W  = 
and  the  magnetic  bearing  ^=  NOW; 


the 


Here  we  bate  the  trui 
gnetic  beating  al 


2&n 
10 


■    gf    , 


N    I 


(!hf 
ght 
th    t 


bearing  la  to  the  east  of  tbe  magoeUc. 

Example  i.  Let  true  bearing  =  N.  bO"  W.  =  bOU",  from  N.  to  right, 
and  magnetic  bearing  =  N.  70°  W.  =  290°,  from  N.  to  right. 

Variation    10°  west,  because  the 
trae  bearing  is  to  the  right  of  the  magnetio. 

Exanipk  5.  Let  true  bearing  =  N.  C°  E.  =  5  from  N.  to  right, 
and  the  magnetic  bearing  =;  N.  5°  W.  =  365  from  N.  to  right. 

Variation  10°  cast,  because  the  true  bearing 
is  to  the  right  of  the  magnetic. 

Rale  2.  From  the  true  hearing  subtract  the  magnetic  bearing.  If  the 
remainder  is  +.  ths  variation  is  east;  but  if  the  remainder  or  difference 
is  — ,  the  variation  ia  west. 

Example  6,     True  bearing  —  N.  60°  40'  E. 

Magnetio  bearing  =  N.  50°  50'  E. 

+         9°  50 

Example  7.     True  bearing  =  N.  6°  E.  = 

Magnetic  bearing  ^  N.  5°  W.  = 

+    w    .. 

Here  we  oall  the  eaa 
of  subtracting  algebra 
and  add  them, 

Eiaiaple  8.  Let  tni 
and  magnetio  bearing 


+,  and  the  west  negative  — ;  and  by  the  method 
J  quantities,  we  change  the  sign  of  tbe  lower  line, 

bearing  =  N.  16°  W.  — , 
N.  0°  W.  — . 
—  10°=^ 
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Let  ns  noTT  End  the  trna  bearing  of  the  line  A  M  in  fig.  17c. 

By  sec.  264a,  we  have  tLe  magnetic  bearing  of  A  M  =  N.  Si"  10'  E., 
<;  from  Polaris,  at  its  greatest  western  elongation,  to  the  base  line  A  M, 
as  determined  =  80°  40'.     The  work  will  appear  aa  follows : 

On  the  evening  of  the  8th  December,  1860,  we  proceeded  fo  the  station 
mentioned  in  sec.  264a.  Set  np  the  theodolite  on  the  line  A  M.  At  a 
distance  of  10  chains,  1  set  a  picket  fast  in  the  ground,  whose  top  was 
pointed  to  receive  a  polished  tin  tube,  half  an  inch  in  diameter,  I4ot 
wishing  to  calculate  the  necessary  correction  of  Polaris  from  the  meridian, 
I  preferred  to  await  until  it  came  to  ita  greatest  westejn  aiimuth,  being 
that  time  when  the  star  makes  the  least  change  in  azimuth  in  6  minutes, 
and  the  greatest  change  in  altitude,  this  being  the  time  best  adapted  for 
finding  the  grtalest  aziiimih  and  irvc  time  of  any  celestial  object.'  The  sta- 
tion is  afsumed  on  the  meridian  of  Greenwich.  If  on  a  different  meridian, 
we  correct  the  sun's  right  ascension.  {See  our  Sequel  Spherical  Astrono- 
my, and  Canada  Surveying.) 

On  the  morning  of  91h  December,  18G0,  at  Ih.  51ra.  5a.,  found  the 
base  line  A  M  to  bear  from  Tolaris  =  N.  80"  40'  00"  E. 

Magnetic  bearing  of  line  A  H  =  N.  64°  lO'  00"  E. 

Polaris  at  its  greatest  ajimuth  =  N.  80°  40'  00"  E. 

Greatest  azimuth  from  sec.  2G4/^  2°  24'  ST' 

Bearing  of  the  line  A  M  from  true  meridian  —  N.  78°  15'  23"  E. 

Magnetic  beating  of  line  A  M  =  N.  64°  10' 00"  E. 

By  rule  2,  the  variation  =  N.  14°  05'  23"  E. 

From  sec.  264/,  we  have  the  star's  altitude  when  at  its  greatest  azimuth. 
True  altitude  =  6B°  4C'  27" 

Correction  from  table  14  for  refraction  =  42" 


Apparent  altitude  =  53°  47'  09" 

We  had  the  telescope  elevated  to  the  given  apparent  altitude  until  the 
etar  appeared  on  the  centre,  then  clamped  the  lower  limb,  and  caused  a 
man  to  hold  a  lamp  behind  the  tin  tube  on  the  line  A  M.  Found  the  < 
80°  40',  as  above.  Here  the  vercier  read  on  Polaris  at  its  greatest  west- 
ern aiimuth  =  279°  20'  00" 
Read  on  the  tin  tube  and  picket  on  the  line  A  M  ~  00°  00'  00" 
On  the  true  meridian  =.                                                            281°  44'  37" 

The  last  bearing  taken  from  360°  will  give  the  true  bearing  of  A  M  ^ 
N.  78°  15'23"E. 

After  having  taken  the  greatest  azimuth,  we  bring  the  telescope  to  bear 
on  A  M  ;  if  the  vernier  read  zero,  or  whatever  reading  we  at  first  assume, 
the  work  is  correct.  If  it  does  not  read  the  same,  note  the  reading  on 
the  lower  limb,  and,  without  deiaj,  laie  the  bearing  of  the  Pole  star, 
which  is  yet  sufficiently  near  to  be  taken  as  correct,  and  thus  find  the 
angle  between  it  and  the  base  line.  The  surveyor,  having  two  telescopes, 
will  be  in  no  danger  of  committing  errors  by  the  shifting  of  the  under 
plate,  can  have  one  of  the  telescopes  used  as  a  Idl-lnU,  fixed  on  some 
permanent  object,  on  which  he  will  throw  the  light  shortly  before  taking 
the  azimuth  of  Polaris,  to  ascertain  if  the  lower  limb  remained  aa  first 
adjusted. 

264!.  A  tecond  telescope  can  be  attached  to  any  transit  or  theodolite. 
Bo  as  to  be  taken  oft'  when  not  required  for  tell-tale  purposes,  as  follows : 
To  the  under  plate  is  riveted  a  piece  of  braes  one  inch  long,  three-fourths 
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inch  wide,  and  tiro-tentlis  tliick.  On  this  there  is  laid  a  coIIilf  or  iraeher, 
about  one-eighth  icch  thick.  To  these  is  screired  a,  right  angled  piece  in 
the  form  of  L,  turned  downwards,  and  projecting  one  inch  outside  of  the 
edge  of  the  parallel  plates.  Into  the  outer  edge  of  the  L  piece  is  fised  a 
piece  havlDg  a  circular  piece  three-fourths  inch  deep.  haTing  a  screw 
corresponding  to  a  thread  on  the  telescope  of  the  same  depth.  This  screw 
piece  is  fastened  on  the  inside  of  the  L  piece  by  a  screw,  and  has  a  verti- 
cal motion.  When  we  use  this  as  a  tell-tale,  we  bring  it  to  bear  on  some 
well  defined  object,  and  then  clamp  the  lower  plate.  We  then  bring  the 
theodolite  telescope  to  hear  on  the  above  named  object  or  tin  tube,  and 
note  the  reading  of  the  limh.  After  every  reading  we  look  through  the 
tell-tale  telescope  to  see  if  the  lower  plate  or  limb  is  still  stationary.     If 

The  ep  f  dtl       p  tahdwllbe  about  twelve 

dollars,       Ih        p       d      t    I    j,      Th  m     t  w  11  be  lighter  Aan 

those  DWQidwlht       tl        p  h  ght  inch  instru- 

ments.    Th       dj     tm     t    tt    h  d  t  f  1      gh       and  Simm's  five 

inch  th    d  1 1     1  d  P     p  'W  11  during  the  last 

twenty-two  years.  Vi  e  prefer  it  to  a  bii  inch,  as  we  invariably,  for  long 
distances,  repeat  the  angles.     (See  sec.  212.) 

265.  To  Light  the  Cross  Main.  Sir  Wm.  logan,  Provincial  Geologist 
of  Canada,  has  invented  the  following  appendage:  On  the  end  of  the 
telescope  neit  the  object  is  a  brass  ring,  half  an  inch  wide,  to  which  a 
second  piece  is  adjusted,  at  an  angle  of  45°.  This  second  piece  is  eliipti- 
cal,  two  inches  by  two  and  three-eights,  in  the  centre  of  which  is  an 
elliptical  hole,  one  inch  by  three-eigliths.  Tills  is  put  on  the  telescope. 
The  surface  of  tlie  second  piece  may  be  silvered  or  polished.  Our  assis- 
tant holds  the  lamp  so  as  to  illuminate  the  elliptical  surface,  which  then 
illuminates  the  cross  hairs.     He  can  vary  the  light  as  required.    . 

This  simple  appendage  will  cost  one  and  a  half  dollars,  and  will  answer 
bett«r  than  if  a  small  lamp  had  been  attached  to  the  aiis  of  the  telescope, 
as  in  large  instruments.  Those  surveyors  who  have  used  a  hole  in  a 
board,  and  other  contrivances,  will  find  this  far  more  preferable. 

We  have  a  reflector  on  each  of  our  telescopes.  The  tell-tale  being 
smaller  is  put  into  the  other,  and  both  kept  clean  in  a  small  chamois 
leather  bag,  in  a  part  of  the  instrument  box.     (See  sec.  221.) 


UNITED   STATES   SURVEYING. 

The  following  sections  are  from  the  Manual  of  Instructions  pahlished 
by  the  United  States  Government  in  1858,  which  are  called  Nevi  laitruc- 
tions,  todistingoiab  them  from  those  issued  between  1796 and  1855,  which 
are  called  the  Old  Instructions.    The  notes  are  by  M.  McDermott. 


266.      The  public  lands  of  the  United  States  are  laid  off  into  rec- 
tangular traota,  bounded  by  lines  air^am.ing  to  tht  cardmat poinU. 
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These  tracts  are  laid  off  into  townships,  contftii^De  23040  acres. 
These  townships  are  supposed  to  be  square.  They  contain  36  tracts, 
called  sections,  each  of  which  is  intended  to  be  GIO  acres,  or  a8  near  that 
as  possible.  The  sections  are  one  mile  square.  A  continuous  number  of 
townships  between  two  base  lines  constitutes  a  range. 

267.  The  law  requires  that  the  lines  of  the  public  surreys  shall  bo 
gavemed  by  the  true  meridian,  and  ihal  the  tommhip  akall  be  six  miles  sguari — 
two  things  involving  a  mathematical  impossibility,  hy  reiison  of  the  con- 
vergenoj  of  the  meridians.  The  township  assumes  a  trapeioidal  form, 
which  unequally  develops  itself  more  and  more  as  the  latitude  is  higher. 

*  In  view  of  these  circumstances,  the  act  of  18th  May,  1706,  sec.  2, 
enacts  that  the  sections  of  a  mile  square  shall  contain  640  acres,  as  near- 
ly as  may  be. 

*  The  act  10th  May,  1800,  sec.  S,  enacts  "  That  in  all  cases  where  the 
eiterior  linos  of  the  townships  thus  to  be  subdivided  into  sections,  or  half 
sections,  shall  exceed,  or  ihall  not  extend  six  miles,  the  excess  or  deficiency 
shall  be  specially  noted,  and  added  to  or  deducted  from  the  western  and 
noTlkern  ranges  of  sections  or  half  sections  in  such  township,  according  as 
the  error  may  be,  in  runninff  the  lines  from  east  to  west  or  from  sotitk  to 

268.  The  sections  and  half  sections  bounded  on  ihe  northern  and  west- 
ern lines  of  such  townships,  shall  be  sold  as  containing  only  the  quantity 
eipressed  in  the  returns  and  plats  respectiyely,  and  nil  others  as  contain- 
ing the  complete  legal  quantity." 

The  accompanying  diagram,  marked  A  [see  see.  271),  will  illustrate  the 
method  of  running  out  tbe  exterior  lines  of  townships,  as  well  on  the  noHh 
as  on  the  south  side  of  the  base  line. 


269.  "Where  nuiformily  in  Ihe  Tariation  of  the  needle  is  not  foiind,  the 
public  surveys  miisl  be  made  with  an  instrument  operating  independently 
of  the  magnetic  needle.  Burl's  Solar  Compass,  or  other  instrument  of 
equal  utility,  must  be  used  of  necessity  in  such  cases  ;  and  It  is  deemed 
best  that  such  instruments  should  be  used  under  all  circumstances.  Whera 
the  needle  can  he  relied  on,  however,  the  ordinary  compass  may  be  used 
iu  subdividing  and  meandering." — Note  Traversing. 

SASB  LINES,  FBINCIPAL  MERIDIANS,  ARD  CORXECTIOH  OK  STANDAKD  LIMES. 

270.  Base  Lines  are  lines  run  due  east  and  west,  from  some  point  as- 
sumed by  the  Surveyor  General.  North  and  south  of  this  base  line,  town- 
ships are  laid  off,  by  lines  running  east  and  west. 

Standard  or  Correction  Lines  are  lines  run  east  and  west,  generally  at  21 
miles  north  of  the  base  line,  and  30  miles  south  of  it.     These  lines,  like 
e  numbered  from  the  base  line  north  or  south,  as  the 


Brincipal  Meridians  are  lines  due  north  and  south  from  certain  given 
■  points,  and  are  numbered  first,  second,  third,  elo.     Between  these  princi- 
pal meridians  tbe  tiers  of  townships  are  calted  ranges,  and  are  numbered 
1,  2,  3,  4,  etc.,  east  or  west  of  a  given  principal  meridian. 
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All  these  linee  are  supposed  to  be  run  astronomically ;  that  is,  they  are 
run  in  reference  to  the  true  north  pole,  without  reference  to  the  magnetic 
pole.  In  proof  of  this,  it  ia  well  to  ^tate  that  the  Old  Instructiona  has 
BhoWD,  in  the  sfiecimeu  Geld  notes,  that  the  true  variation  has  been  found. 
See  pages  13  and  IS,  and  In  the  New  Instructions,  pages  28  to  S5,  both 
incluaive.  Here  the  method  of  finding  the  greatest  azimuth  is  not  given, 
although  there  is  a  table  of  greatest  azimuths  for  the  first  day  of  July  for 
the  years  1851  to  1861,  and  for  lat.  32°  to  44°.  At  page  30  is  given  the 
Eaean  time  of  greatest  elongation  for  every  6th  day  of  each  mouth,  and 
Bhow3  whether  it  is  east  or  west  of  the  true  meridian. 

At  page  27  are  given  placss  near  which  there  is  no  variation.  At  page 
S9  are  given  places  with  their  latitudes,  longitudes,  and  variation  of  the 
compass,  with  their  annual  motion. 

The  method  of  Snding  these  for  other  places  and  dates  is  not  given  in 
eitber  manual.  For  these,  see  sequel  Canadian  method  of  snrveying 
side  lines.  For  formulas  and  example,  see  sections  2€4ii  and  2Qib  of  this 
manual. 

Principal  Meridians.    The  1st  principal  meridian  is  in  the  State  of  Ohio. 

The  2nd  principal  meridian  is  a  line  running  due  north  from  the  mouth 
of  the  little  Blue  River,  in  the  State  of  Indiana. 

The  Si  principal  meridian  runs  due  north  from  the  mouth  of  the  Ohio 
River  to  the  State  line  between  Illinois  and  Wisconsin. 

The  Itb  principal  meridian  commences  in  the  middle  of  the  channel, 
and  at  the  mouth  of  the  Illiooia  River;  passes  through  tie  town  of 
Galena;  continues  through  Illinois  and  Wisconsin,  until  it  meets  Lake 
Superior,  about  10  chains  west  of  the  mouth  of  the  Montreal  River.  For 
further  information,  see  Old  Instructions,  page  49. 

Sanger  xee  tiers  of  townships  numbered  east  or  west  from  the  established 
principal  meridian,  and  these  lines  run  north  or  south  from  the  base  line. 
They  serve  for  the  east  and  west  boundary  lines  of  townships.  On  these 
lines,  section  and  quarter  section  corners  are  established.  These  corners 
are  for  the  sections  on  the  nest  side  of  the  line,  but  not  for  those  on  the 
east  aide.     (See  Old  Instructions,  page  SO,  sec,  9.) 

JVbfc,  This  is  not  always  the  case.  There  are  many  surveys  where  the 
B»me  post  or  corners  on  the  west  line  of  the  township  have  been  made 
common  to  both  sides.  This  is  admitted  in  the  Old  Instructions,  page  64, 
Eec.  21. 

Tavmahip!  are  intended  to  be  sis  miles  square,  and  to  contain  86 
sections,  each  640  acres.  They  are  numbered  north  and  south,  with 
reference  to  the  base  line.  Thus,  Chicago  is  in  townsliip  39  north  of  the 
base  line,  and  in  range  14  east  of  the  third  principal  meridian. 

Totimihip  lints  converge  on  account  of  the  range  lines  being  run  toward 
tie  north  pole,  or  due  north.  Tliis  convergency  is  not  allowed  to  be  cor- 
rected, but  at  the  end  of  4  townships  north,  and  5  south  of  the  base  line, 
this  causes  the  north  tine  of  every  township  to  bo  76,15  Jinks  less  than  the 
south  line,  or  804,6  links  in  4  townships. 

The  defieiena/  is  thrown  into  the  west  half  of  the  west  tier  of  sections  io 
each  township,  and  is  corrected  at  each  standard  line,  where  Uiere  is  a 
jog  or  offset  made,  bo  as  to  make  the  township  line  on  the  standard  line 
Bis  miles  long.     In  Enrveying  in  the  east  5  tiers  of  sections,  each  aection 
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[9  made  SO  cbalca  on  the  township  lines.  Id  the  east  tier  of  quarter  Bection* 
of  tlie  west  tier,  each  quarter  seclion  is  40  chains  on  the  ea^t  and  west 
township  and  sectian  lines. 

Example.     Let  I,  2,  3  and  4  represent  4  townships  north  of  the  base 
line.      Township  number  1 
North  boundary  of  seotioi 
north  boundary  of  s< 
North  bouadary  of  se 
North  bAindary  of  st 
Here  we  make  the  s 

271.  Tomshipa  ar 
west  and  west  to  east,  according  to  the  annexed  diagram.  Lot  1  invari- 
ably begins  at  the  N.E.  corner,  and  lot  6  at  the  N.W.;  lot  30  at  S.W.,  and 
lot  36  at  the  8,E.  Corcer. 

Surplus  or  dejkkticy  is  \o  be  thrown  into  the  north  tier  of  quarter  sec- 
tions on  the  north  boundary,  and  in  the  west  tier  of  quarter  sections  on 
the  west  boundary  of  the  township. 


ber  1  will  be  6  mile 

on  the  base  line,  and  the 

tion  6,  in  township  I 

=  7923,8  links. 

tion  6,  in  township  3 

=  7847,7  links. 

tion  e,  in  township  3 

=  7771,6  links. 

^  7695,4  links. 

uth  line  of  sec.  30,  in 

townBtip 

=  8000     Unks. 
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272. 


KoTth  and  South  Section  Lines  Sow  to  he  Surveyed. 
Each  north  and  south  section  line  must  be  made  1  mile,  except 


those  which  close  to  the  north  boundary  line  of  the  township,  so  that  the 
eicess  or  deficiency  will  be  thrown  in  the  north  range  of  quarter  seo- 
tions ;  yii.,  in  running  north  between  sections  1  and  2,  at  40,00  chmns, 
establish  the  quarter  section  corner,  and  note  the  distance  at  -which  yon 
intersect  the  north  boundary  of  the  township,  and  also  the  dietaooe  jon 
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fall  east  or  west  of  the  oorrespondiiig  section  corner  for  the  f  ownehip  to 
the  north ;  and  at  said  intersection  establish  a  corner  for  the  aeotions 
between  which  you  are  Burvejing. — Old  Instructions,  p.  9,  sec.  28. 

Ea3l  and  Wesi  Section  Lines,     liandom  or  Trial  Lines. 

*  273.  All  east  and  west  lines,  eioept  those  closing  on  the  west  boundary 
of  the  township,  or  those  crossing  Dnyigable  water  courses,  Trill  be  ma 
from  the  proper  section  corners  eait  on  random  lines  (without  blazing), 
for  the  oorrespouding  eection  corners.  At  40  chains  set  tempoTary  post, 
and  note  the  distance  at  which  you  intersect  the  range  or  section  line,  and 
yoar  falling  north  or  south  of  the  corner  run  for.  From  which  corner 
you  will  correct  the  line  west  by  means  of  offsets  from  stakes,  or  some 
otber  marks  set  up,  or  made  on  the  random  line  at  convonient  distances,  and 
remoTe  the  temporary  post,  and  place  it  at  average  distance  on  the  true 
line,  where  establish  the  quarter  section  corner.  The  random  line  is  not 
roarked  but  as  little  as  possible.  The  brushwood  on  it  maybe  out.  The  (tub 
line  vill  be  blazed  as  directed  hereafter.  The  east  and  nest  linos  in  the 
west  tier  are  by  some  run  from  corcpr  to  corner,  and  by  others  at  right 
angles  to  the  north  and  south  adjacent  lines. 

East  and  West  Lines  Intersectmff  Navigable  Streams. 

274.  Whenever  an  east  and  west  section  line  other  ttan  tiose  in  the 
west  range  of  sections  crosses  a  naTigable  river,  or  otter  water  course, 
joa  will  DOt  run  a  random  line  and  correct  It,  as  in  ordinary  cases,  where 
there  is  no  obstruction  of  the  kind,  but  you  will  run  east  and  west  on  a 
Irae  lint  (at  righl  angles  to  the  adjacent  north  and  south  line)  from  the  proper 
section  corners  to  the  said  river  or  navigable  water,  and  make  an  accurate 
connection  between  the  corners  established  on  the  opposite  banks  thereof; 
and  if  the  error,  neither  in  the  length  of  the  line  nor  In  the  falling  north 
or  south  of  each  other  of  tbe  fractional  corners  on  the  opposite  banks, 
exceeds  the  limits  below  specified  in  these  iaslructiona  for  the  closing  of 
a  whole  seodon,  you  will  proceed  with  your  operations.  If,  however,  the 
error  exceeds  those  limits,  you  will  state  the  amount  thereof  in.  your  field 
notes,  and  proceed  forthwith  to  ascertain  which  line  or  lines  may  have 
occasioned  the  esceas  of  error,  and  reduce  it  within  proper  bounds  by  re- 
surveying  or  correcting  the  line  or  lines  so  ascertained  ta  be  erroneous, 
and  note  in  your  field  book  the  whole  of  your  operations  in  determinisg 
what  line  was  erroneous,  and  the  correction  thereof.  (See  Old  Instmo- 
tions,  p.  10,  see.  32.)    Limits  in  closing  =  150  links. 

Note.  From  sec.  272  we  find  that  the  north  and  south  lines  are  intended 
to  be  on  the  true  meridian  from  the  south  line  of  the  township  to  its  north 
boundary.  This  is  the  intention  of  the  act  Feb.,  1S05.  From  sec,  273  we 
find  that  in  the  east  5  tiers  of  sections  of  every  township,  a  true  line  ia 
that  which  ia  run  from  post  to  post,  or  from  "a  corner  to  the  correspond- 
ing corner  opposite." 

But  in  the  west  tier  of  sections,  a  true  lint  is  that  which  is  run  at  right 
angles  to  the  adjacent  north  and  south  line ;  that  is,  the  north  and  soutb 
line  must  he  run  before  the  east  and  west  line  can  be  established.  This 
agrees  with  the  above  act,  which  requires  tbat  certain  lines  are  to  be  run 
due  east  or  west,  as  the  case  may  be. — Old  iDstruotiona,  p.  10. 
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Ifole  2.  In  ntlQj  of  the  old  Buirejs,  the  field  Dates  show  that  the  sur- 
veyor IO.D  from  corner  to  comer  on  the  west  and  north  tiers  of  sectlooB. 
This  appears  to  be  the  esse  in  town.  39  N.,  range  14  E.,  of  the  third 
prineipai  meridian,  Burveyeil  by  Mr,  John  Wall  in  1821.  This  will  also 
appear  from  the  Old  Instractiona,  p.  54,  sec.  21,  where  it  is  stated  aa 
follows:  "Preiiiove  lo  1828,  some  of  the  depntica  considered,  in  malting 
the  calculations  of  the  area  of  the  north  and  west  tiers  of  quarter  sections 
in  a  township,  that  the  quarter  section  corners  on  the  township  and  range 
lines  were  connnoa  to  the  sections  on  both  sides  of  the  line,  whilst  others 
adopted  the  method  now  in  use.  and  particularly  explained  in  dingram 
numbers  4  and  5."  At  one  time,  some  of  the  deputy  surveyors,  in  sub- 
dividing a  township  through  which  a  navigabU  iSream  passed,  ran  a  mn- 
dom  line  east  between  the  proper  sections,  and  corrected  it  %-est,  making 
the  comer  to  the  fractional  sections  on  both  banks  of  the  i;iver,  and  on  the 
true  tine.     Others  pursued  the  method  aa  now  required. 

Note  3.  From  this  appears  the  necessity  of  having  a  copy  of  the  origi- 
nal Field  Notes,  so  as  to  know  which  method  to  pursue  in  order  to  re- 
establish any  line  or  corner,  and  to  know  if  the  eurvejoc  deposi^d 
charcoal  at  the  corner  or  corners, 

hiiupsrable  Obstacles.      Witn/is  Foiiil). 

275.  WheneTer  your  course  may  be  obstructed  by  insuperable  obstacles, 
such  as  ponds,  swamps,  marshes,  lakes,  rivers,  creeks,  etc.,  you  will  pro- 
long the  line  across  such  obstacles,  by  taking  the  necessary  right  angle 
offsets,  or,  if  this  is  inconvenient,  by  it  traversa  or  trigonometrical  oper- 
ation, unlil  you  regain  the  line  on  tht  ojipoaile  side.  And  in  case  a  north  and 
south,  or  a  true  east  and  west  line  is  regained  in  advance  of  any  obstacle, 
you  will  prolong  and  mark  the  line  back  to  the  obstacle  so  passed,  and 
state  all  the  particulars  in  relation  thereto  in  your  field  notes  ;  and  at  the 
intersection  of  lines  with  both  margina  of  impassable  obstacles,  you  wiS! 
establish  a  witness  point  (for  the  purpose  of  perpetuating  the  intersections 
therewith),  by  setting  a  post,  and  giving  in  your  field  notes  the  oourse  and 
distance  therefrom  to  two  trees  on  opposite  sides  of  the  line,  each  of  which 
trees  you  will  mark  with  a  biaie,  and  notch  facing  the  post,  exci^pt  on  the 
margins  of  navigable  water  courses  or  navigable  lakes.  In  these  cases 
jou  will  mark  the  trees  with  tlie  proper  number  of  fractional  section, 
township  and  range.— 0.  I.,  p.  7,  sec.  22.  This  sec.  ia  the  eaae  as 
that  in  the  N.  I.,  p.  3. 

Note.  In  fractional  townships  it  appears  that  the  north  and  south  lines 
are  Srst  established,  and  afterward  the  east  and  west  lines  are  run  due 
east  a^  west,  or  at  right  angles  to  the  north  and  south  lines.  (See  the 
U,  S.  act  11  Feb.,  1805,  and  sections  272  and  273.) 

Note  2.  It  appears  from  the  manuals  that  where  a  north  and  south 
lioe  meets  a  navigable  stream,  it  runs  directly  across  it,  and  that  some 
Rurveyora  rnn  directly  across  navigablB  waters  on  east  and  west  lines,  and 
others  close  on  it,  showing  the  jog  or  difference  in  closing,  which  must  not 
be  more  tba,n  150  links  from  a  straight  line.  Hence  it  appears  that  where 
the  official  field  not«s  do  not  show  a  jog,  none  eilsls. 

Ziinits  in  Closing. 

276.  Any  excess  or  deficiency  in  the  length  of  any  towDship  boundary 
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ItDS,  or  excees  of  error  in  the  falling  off  from  the  corner  to  which  nnf 
closing  (jinnship  line  shsll  be  run,  that  may  exceed  five  chaias,  or  an; 
excess  or  deficiency  eiceeding  one  chain  in  the  length  of  any  eectico  lice, 
or  eioesa  of  error  in  falling  off  from  the  comer  to  which  any  eeciion  line 
shall  be  run,  that  shall  exceed  one  chain  in  closing  the  lines  of  a  whole 
section  ;  and  at  the  same  rate  for  the  section  lines,  and  at  the  same  rate 
of  one  chain  and  fifty  links  per  mile  of  the  meanders  {Irawae  survey),  in 
closing  the  meanders  of  a  naTigable  riier,  or  other  water  course,  with  tbe 
line  or  lines  of  a  fractional  section,  musl  be  corrected  by  you,  and  reduced 
within  those  limits,  before  leaviug  the  ground,  by  resurveyiHg  the  line  or 
lines  which  may  have  occaaioned  the  excess  or  deficiency  in  the  length  of 
such  township  or  section  line,  or  excess  of  error  in  closiug  tbe  lines  of  a 
township,  or  of  a  whole  or  fractional  section.— 0.  I.,  p.  8,  sec.  26. 

Mtandering  of  Navigable  Slreama. 

277.  Standing  with  the  face  looking  doMi  the  stream,  the  bank  on  the 
left  is  termed  the  "left  hauk,"  and  that  on  (he  right,  the  "right  bank." 
Both  these  banks  are  to  be  meandered  (traversed)  by  taking  the  bearings 
and  distances  of  their  sinuosities,  and  the  same  entered  in  the  field  book. 

Where  township  or  section  lines  cross  navigable  waters,  the  line  is 
marked  by  posts,  and  bearing  trees,  and  mounds,  as  the  case  may  require 
at  the  time  of  mnniDg  those  lines. 

In  mtandsring.  you  are  to  commmce  at  one  of  those  corners  and  meander 
to  the  next  meander  corner,  carefully  noting  your  intersections  with  all 
meander  corners,     Tbe  opposite  bank  is  to  be  meandered  in  like  manner. 

The  crossing  distance  helvietn  tbe  Tueander  comtrs,  on  ihe  samt  line,  ia  to 
be  ascertained  by  trianguialion,  in  order  that  the  river  may  be  protracted 
with  entire  accuracy.     The  particulars  to  be  given  in  the  field  book. 

All  lakes  and  deep  ponds  of  tbe  area  of  25  acres  and  upwards,  also  all 
bayous,  shallow  ponds  readily  to  be  drained,  are  not  to  be  meandered. 

Notice  all  streams  of  water  falling  into  the  river,  lake  or  bayou  you  are 
surveying,  stating  tbe  width  at  Ibeir  mouth  ;  also  all  springs,  noting  their 
fliie,  depth,  and  kind  of  water ;  also  the  head  and  mouth  of  all  bayous, 
and  all  islands,  rapids  and  bars  are  to  be  noticed,  with  intersections  to 
their  upper  and  lower  points  to  establish  their  exact  situation.  Note  the 
elevation  of  the  banks  of  rivers  and  streams,  tbe  heights  and  falls  of  cas- 
cades, and  the  length  of  rapids. 

Treei  ate  Marked  for  Line  and  Bearing  Trees. 

278.  All  trees  left  standing  on  a  line  are  marked  with  3  marks  or 
blaies  on  front  and  rear;  the  distance  on  the  line,  the  kind  of  timber,  and 
diameter,  is  marked  in  the  field  book. 

Trees  are  also  marked  on  both  ^ides  of  the  line,  making  one  blaie  on 
the  front,  another  on  tbe  rear,  and  one  on  the  side  next  the  line.  By 
.  these  means  the  situation  of  the  line  may  be  determined  approximately 
at  a  future  time.     (See  sec.  211.) 

Note.  It  is  hard  to  eipeot  a  true  line  from  cornsr  to  comer  where 
trees  are  allowed  to  stand  on  the  line.  The  Canadian  plan  of  cutting 
everything  off  the  line  is  preferable. 

279.  Tovntih^  eomert  are  marked  by  a  post,  whose  4  sides  are  marked 


V  Google 


DNITED   8TATBS   BCBTBIINQ.  TZ^ 

by  6  notches,  directed  to  the  4  CB.rdinal  points.  Fosta  to  be  3  feet  above  the 
ground,  Dot  poLuted  but  set  in  the  ground.  There  are  to  be,  nhen  possi- 
ble, 4  bearing  trees  marked,  1  iu  each  tovnsLip,  eacli  haTiag  a  large  blaze 
facing  the  post,  haTiag  marked  thereon  nith  a  marking  iron  the  range, 
township  and  section. 

280.  iStc(ion  comers  have  4  bearing  trees,  one  in  each  section.  Quarter 
leciion  comers  have  hut  two  bearing  trees.  The  bcarioga,  distances,  wood, 
and  diameter  of  these  are  entered  in  the  field  book. 

Tbe  sectioQ  corner  post  will  be  notched  og  two  sides. 

Example.  The  post  corner  sections  9,  10,  15,  16,  will  have  2  marks  or 
notches  on  the  north  side  and  4  on  the  south  side,  to  signify  that  this  is 
2  miles  from  the  north  l>oundBTy  and  4  miles  from  the  south  boundarj. 
Bearing  trees  have  the  Kections  cut  oq  them. 

Note.  It  would  be  well  in  this  esample  to  have  3  marks  on  the  east 
side,  to  shoff  that  it  is  three  miies  from  the  cast  boundary  of  the  township. 
These  notches  would  at  any  future  time  enable  us  to  know  which  corner 
we  are  at  in  the  absence  of  bearing  trees. 

281.  Tovmship  corners  tK  aprairii,  or  other  situation  where  bearing  or 
witness  trees  are  not  at  band,  will  be  perpetuated  by  depositing  in  the 
ground,  and  at  least  S  inches  beneath  the  natural  surface  thereof,  a  por- 
tion of  charcoal  (the  quantity  to  be  specified  in  your  field  notes),  not  leas 
than  two  quarts  at  the  place  of  such  corner,  over  which  you  will  erect  a 
mound  of  earth  3  feet  high.  5  feet  square  at  tbe  base,  and  2  feet  square 
at  tbe  top.  the  sides  whereof  mast  be  revetted  or  faced  with  sods  laid  hori- 
zontally and  in.  successive  layers  on  each  other,  each  of  said  layers  having 
an  offset  innards,  corresponding  to  the  general  slope  of  the  face  of  the 
moMnd ;  in  this  there  is  to  be  a  post  which  must  rise  1  foot  above  the  lop 
of  the  mound.  Or  you  vill  deposit  at  the  place  of  IJie  corner  3  stones, 
not  lees  than  G  inches  square  by  3  inches  thick,  all  of  which  you  will 
describe  in  the  field  notes.  The  top  of  the  uppermost  stone  to  be  8  inches 
below  (he  natural  surface  of  the  ground,  and  the  other  2  successively  and 
beneath  the  first ;  and  over  said  stone  erect  a  mound,  as  if  it  were  made 
over  charcoal  or  stone.  You  may  perpetuate  the  corner  by  inserting  end- 
ways into  (he  ground,  a  stone  of  the  dimensions  marked,  and  set  in  the 
ttaaner  mentioned,  over  which  no  tuoand  need  be  erected. 

282.  tfa  loicmhip  comer,  where  bearing  or  teilness  Ireeaarinol  to  be  found 
vithin  a  reasonable  diilance  Iherefrom,  shall  fall  withia  a  ravine,  or  any 
other  sitnation  unfavorable  to  the  erection  of  a  mound,  yoa  vill  select  In 
the  vicinity  thereof  a  suitable  plot  of  ground  aa  a  site  for  a  bearing  or 
witness  mound,  and  erect  thereon  a  mound  of  earth,  as  if  it  were  at  the 
township  corner,  with  charcoal  or  stone  deposited  beneath,  as  before 
directed  for  township  corner,  and  measure,  and  state  in  yoor  field  notes 
the  distance  and  course  from  the  position  of  the  true  comer,  of  tbe  bear- 
ing or  witness  mound  bo  placed  and  erected. 

Witness  Mounds  to  Section  Comeri. 

283.  Section  comers,  where  beailng  or  witness  trees  cannot  be  had. 
Will  be  made  aa  if  for  a  township  corner,  eioept  that  where  mounda  are 
made  they  need  be  only  2  feet  6  inches  high,  by  4  feet  square  at  the  base, 
and  2  feet  M  the  top. 
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WilntM  tnovndi  lo  gtutrler  section  cornere  are  3  feet  6  inches  at  buee,  X 
foot  6  inches  Bqnare  at  top.  Under  the  post  no  oharooal  or  elone  ia  put. 
—Old  instructions,  aec.  18,  19,  20  and  21. 

In  the  above  we  do  not  Hnd  the  manner  of  digging  the  pits  for  the 
mounds,  but  the  following  from  the  New  InstraotionB  ahowB  the  manner 
now  adopted: 

"At  the  point  or  corner  dig  out  a  spadeful  or  two,  and  in  the  oatity 
put  a  stone  or  charcoal,  which  note  in  the  field  book.  A  charred  stake  is 
driven  12  inches  in  the  ground,  and  in  the  centre  of  the  cavity.  Either 
of  these  will  be  a,  witness  for  the  future.  The  spot  from  which  the 
earth  for  the  mound  is  taken  is  called  a  pit.  The  pits  are  made  at  uni- 
form distances  from  the  centre  on  each  side  of  every  mound,  so  as  to  indi- 
cate hereafter  the  place  of  the  mound,  when  it  may  become  obliterated  by 
time  or  accident.  Mounds  are  to  present  a  conical  shape.  There  ia 
dug  around  the  base  a  quadrangular  trench,  1  spadeful  deep  of  earth.  At 
about  IS  inches  from  this  trench,  dig  pits  at  the  4  cardinal  points;  the 
length  of  the  north  and  south  pits  to  be  east  and  west,  and  those  of  the  east 
and  west  pits  to  be  north  and  south, 

284.  For  corner  mounds  common' to  2  townships,  or  2  sections,  the 
quadrangular  trenches  at  north  and  south  are  at  right  angles  to  the  north 
and  BOatii  line;  but  where  the  mound  is  common  to  4  townships,  or  i 
eectiona,  the  north  and  south  line  outs  the  quadrangle  diagonally."  (See 
New  Instructions,  diagram  C.) 

Couraet  and  Distances  lo  Wilntas  Trees. 

S85.  You  wlU  ascertain  and  state  id  your  Geld  notes  the  course  and 
distance  from  the  several  section  and  township  corner  posts,  trees  or 
stones,  to  a  tree  in  each  section  for  which  tliey  stand  as  a  comer.  Each 
of  said  trees  you  will  mark  with  a  notch  and  blale,  facing  the  post,  tree  or 
stone  ;  the  notch  to  be  at  the  lower  end  of  the  blaie,  and  on  it,  which 
must  be  neatly  made.  Murk  with  a  marking  iron,  in  a  plain,  permanent 
manner,  (he  letter  S,  with  the  number  of  the  section,  and  over  it  the 
letter  T,  with  the  number  of  the  township,  and  above  this  the  letter  R, 
with  the  number  of  the  range.  Where  there  is  no  tree  within  reasonable 
distance  of  the  col-ner,  note  that  in  the  Geld  notes.— 0. 1.,  p.  5,  sec.  IT. 

286.  From  this  we  infer  that  at  township  comers  4  trees  are  marked, 
and  also  at  eection  corners;  but  at  quarter  section  comers  only  2  are 
marked. 

Note.     This  does  not  point  out  the  necessity  of  describing  the  kind  of 

'  tree  marked,  and  its  diameter,  although  we  find  that  all  the  Government 

field  notes  give  the  kind  of  tree,  and  its  diameter.     In  the  specimen  field 

book,  the  bearing  trees  are  described  with  reference  to  their  diameter 

and  wood. 

Quarter  section  corners  have  simply  a  blaze,  and  }  S  marked  on  it,  and 
two  bemng  trees  marked. 

Note  2.  Surveyors,  in  getting  out  of  wood  into  open  land  or  prairie, 
are  always  accustomed  to  mark  line  trees,  and  to  describe  the  kind 
of  wood  and  their  diameters,  and,  if  possible,  they  mark  another  tree 
or  trees  on  the  opposite  aide  of  the  mound,  on  the  same  line.  By  these 
means  the  place  of  the  mound  can  be  detertained,  if  these  trees  areU 
be  found. 
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287.  Comer  Stones.  These  etones  not  to  be  lees  than  a  etone  14 
inches  long  bj  12  inches  vii|^  anil  3  incbEs  thick  ;  ate  set  ttith  the  edge 
facing  north  s,ji'1  south,  for  north  and  south  lines,  and  east  and  ivest,  for 
east  and  west  lines  ;  thej  are  to  be  7  or  8  inches  in  the  ground.  Where 
stones  are  placed  as  ratige  and  township  lines,  as  man}'  notches  irill  be 
distinctly  cut  with  a  chisel  or  pick  on  the  two  sides,  in  direction  of  the 
line,  as  the  corner  is  sections  from  the  nearest  nection  comers.  At  town- 
ship corners,  6  notches  will  be  cat  on  each  edge  or  side  toward  the  car- 
dinal points.  At  eecliatt  corners  in  the  interior  of  n  township,  as  tnanj 
notches  will  be  cut  on  the  saulh  edge  and  east  side  as  the  corner  is  sections 
distant  from  the  south  and  east  houndartes  of  the  township.  At  the  corners 
of  BubdivisionnI  intersections  with  the  north  boundaries  of  the  townships, 
6  notches  on  the  south  edge,  and  at  the  intersections  with  the  west  bouud- 
a,iy  6  notches  on  the  east  edge,  and  as  man?  notches  on  the  north  or  south 
sides,  as  the  case  may  require,  as  the  corner  is  sections  distant  from  the 
township  corner.  Quarter  section  comer  stones  will  have  J  S  on  the 
west  side,  on  north  and  sonth  lines ;  and  on  the  north  side,  en  east  and 
west  lines.— Old  Instructions,  p.  5,  sec.  16  and  IT. 

288.  Note.  These  twosectionsfrom  theOld  Instructionsare  thesamein 
substance  as  those  given  in  the  New  Instructions.  7  or  8  inches  without 
a  mound  will  not  be  deep  enough ;  better  have  it  at  least  1  foot  in  the 
ground,  and  then  build  a  heap  of  stones  around  it,  and  afterwards  a  mound. 
Tinder  everj  stone  there  ought  to  be  some  charcoal,  broken  delf,  glass  or 
slags  of  iron,  or  a  stone,  into  which  a  hole  1  inch  deep  is  cut,  to  perpetuate 

The  manuals  do  not 
but  the  usual  custom  i 
contrary  is  roentjoned. 

The  New  Manual  of  Inslructions  gives  a  specimen  field  book  of  townsbip 
2S  H,,  range  2  W.,  Willinmette  meridian. 

In  these  it  appears  that  the  corners  on  the  north  and  west  boundaries 
of  the  townsbip  have  been  made  common  to  the  adjacent  townships. 

That  in  every  caso  the  north  and  south  lines  crossed  rivers  and  lakes  on 
the  same  line,  eicepiing  on  the  line  between  4  and  5,  where  tbe  river 
came  within  4,00  links  of  the  north  boundary.  Here  he  ran  south  as 
follows : 

From  the  corner  to  sections  4,  5,  32  and  33,  on  the  north  boundary  of 
the  township,  I  run — 

South  on  a  true  line,  between  sections  4  and  5. 
Chsins.  Variation  18°  east. 

2.10.        A  white  oak,  15  inches  diameter. 

4,00.  Set  a  post  on  the  right  bank  of  Chickeeles  River,  for  comer  to 
fractional  sections  4  and  5,  from  which  a  bur  oak,  16  inches  diameter, 
bears  N.  25°  E.,  34  links  distance ;  a  black  oak,  20  inches  diameter,  beara 
N.  33=  W,,  21  links. 

From  these  field  notes  we  find  (hat  the  north  and  south  lines  have 
crossed  a  navigable  stream  and  lakes  on  8  lines,  and  on  straight  lines, 
with  the  above  eioeption. 

That  on  the  east  and  west  lines,  4  lines  crossed  a  navigable  river,  2  of 
which  are  on  a  straight  line,  one  makes  a  jog  of  12  links,  and  the  other 
ajogof  leiinka. 
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Manual  of  Old  Inatruetions  jrWea  Bpacimen  field  notes,  showing  that  the 
Tariation  haa  been  taken,  atiil  that  oompi^pd  with  the  east  boundary  of 
tbe  township.  That  the  north  and  south  section  lines  an  run  staight 
across  navigable  water. 

That  jogs  are  made  on  the  north  and  west  boundary  lines.  That  the 
amount  of  each  jog  or  offset  ia  inyariably  given. 

That  on  cast  and  west  lines  crossing  navigable  rivers,  joga  ere  made, 
and  tbe  aiDQutit  shown,  how  determined,  and  the  distance  betneea  tiie 
corresponding  corners  on  the  river. 

Both  lostructions  show  that  in  meandering,  the  surveyor  begins  at  some 
fractional  corner,  and  traverses  along  the  stream  to  the  oeit  comer,  and. 
BO  on  from  section  line  to  eection  line. 

JVoW  2.  Hence  it  appears  that  a  traverse  survey  is  not  to  be  used  in 
determining  where  a  section  line  crossed  or  met  a  river.  (See  Re-eatab- 
iiahing  Lost  Corner.) 


289.     Lengths  of  all  lines,  with  the  offsets  thereon. 

The  kind  and  diameter  of  all  bearing  trees,  with  the  courses  and  dis- 
ia,ncea  of  the  same  from  their  respective  corners. 

The  material  of  which  mounds  are  constructed  ;  the  bearing  of  the  pits 
from  which  the  earth  was  dng  from  the  centre;  tbe  material  put  under 
the  post — if  charcoal,  etc. ;  how  much. 

Tree!  on  ike  line;  their  names,  diamelers  «jd  distance  on  tbe  line. 

Inieriections  by  the  line  of  land  objecls,  and  the  distance  to  each  settler's 
claim,  and  also  at  leaving  it. 

Ditlancee  to  and  at  leaving  woods,  prairies,  rivers,  creeks,  lakes,  ravines, 
top  and  bottom  of  bills,  bottom  or  swamp  lands,  underbrush  or  brushwood. 

Describe  tbe  surface  of  the  land— whether  level,  rolling,  or  hilly. 

The  soil — whether  firat,  Beoood,  or  third  rate  quality. 

The  several  sorts  of  (imier  and  undergrowth,  in  the  order  in  which  they 

BoUom  lands — whether  wet,  dry,  or  salyect  to  inundation.  If  rabjeot 
to  be  inundated,  show  to  what  depth. 

Note.     It  would  be  well,  as  in  Europe,  to  show  the  high  and  low  water 

Springt  of  waier — if  fresh,  saline,  or  mineral ;  with  the  course  of  the 
etream  flowing  from  them. 

Note,  This  supposes  that  the  surveyor  has  a  knowledge  of  chemistry. 
TTo  those  who  have  not  sueh  knowledge,  we  refer  them  to  the  Sequel  for 
wur  seotioQB  on  analysis  of  soils,  water,  and  ashes  of  plants. 

Laiei  and  pondi  —  describe  tbeiv  banks;  give  their  height,  depth  of 
water,  and  whether  the  water  ia  pure  or  stagnant. 

Ifote.  State  if  there  is  any  inlet  or  outlet,  and  the  course  of  these 
*ooming  to  or  leaving  tbe  lakes  or  ponds. 

Improvements,  towns  and  villages,  Indian  towns  and  wigwams,  houses, 
cabins,  fields,  sugar  tree  groves,  sugar  camps,  mill   seats,  forges  and 

Coal  banks  or  beds,  peat  or  tor/  groands,  mineraU  and  ores;  with  a 
description  of  their  quality  and  extent,  and  all  diggings  therefor;  also 
«alt  springs  and  lakes. 
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Boadi  and  trail)  (or  pathways),  witL  Ibeir  direction? — whence  they  come 
and  whither  thej  go, 

Kapiiis,  eotaraots,  cascades,  or  falls  of  water,  wili  the  height  o!  their 
falls  in  feet. 

Precipices,  caTCE,  sink  holes,  raTlnes,  stoce  quarries,  ledges  of  rocks, 
with  the  kind  of  etone  they  afford. 

Natural  cnriosities,  interesting  fossils,  petrifications,  organic  remains, 
etc. ;  also  all  ancient  work  of  art,  such  as  mounds,  fortifications,  embank- 
ments, ditches,  or  objects  of  like  nature. 

The  variation  of  the  needle  jiwat  be  noled  at  all  pointi  or  places  on  Ike  linia 
where  there  it  found  any  material  change  of  varialiort,  and  the  posiiiont  o/iucA 
poiati  must  beperfeetiy  identified  in  the  field  notes. 

Besides  the  ordlDary  notes  taken  on  the  line  (aod  whic!i  must  always  be 
written  down  on  the  spot,  leaTing  nothing  to  be  supplied  bj  memory),  the 
deputy  nill  subjoto,  at  the  conclusion  of  his  book,  such  further  description 
or  information  touching  any  niatler  or  thing  conneeted  with  the  township 
{or  other  survey),  which  he  may  be  able  to  afford,  and  may  deem  useful 
or  necessary  to  be  known,  with  a  general  description  of  the  township  in 
the  aggregate,  as  respects  the  face  of  the  country,  its  soil  and  geoJogioat 
features,  timber,  minerals,  water,  etc.— New  Instructions,  pp.  17,  18. 

Not!.  Surveyors  keep  a  loose  or  random  field  hook,  where  they  keep 
the  notes  in  running  lines  from  corner  to  comer,  and  crossing  rivers, 
lakes,  etc. ;  and  when  they  have  performed  the  work,  copy  the  result  into 
the  proper  field  book.  That  this  has  been  the  custom  with  surveyors  will 
appear  by  referring  to  their  field  books,  where  the  crossing  distances  oo 
rivers,  etc.,  are  given  without  the  necessary  notes. 

290.     Field  Notes  of  the  Subdivision  Lines  and  Meanders  of  Chickeeles  River, 
in  Tovmthip  25  A".,  Range  2  W.,  Williamette  Meridian. 


To  determine  the  proper  adjustment  of  mj  compass  for  sub- 
dividing this  township,  I  commence  at  the  corner  to  townships 
24  and  25  N.,  range  1  and  2  W.,  and  run  north  ou  a  blank  Jme 
alODg  the  east  boundary  of  section  IS6, 

Variation  17"  61' E. 
To  a  point  5  links  west  of  the  quarter  section  comer. 
To  a  point  12  links  west  of  the  comer  to  sections  25  and  86. 

To  retrace  this  line,  or  run  paroUel  thereto,  fay  compaaa  must 
be  adjusted  to  a  variation  of  17'  46'  E. 

Note.  12  divided  by  8009  gives  ,00149,  which  is  the  natural 
sine  of  5  minutes  ;  arid  because  the  blank  line  was  run  west-of 
the  true  line,  the  correction  is  to  be  taken  from  17°  51',  which 
will  give  the  true  magnetic  variation  of  the  east  side  of  section 
36.  The  variation  here  is  not  tbat  from  the  true  meridian,  but 
is  that  from  the  section  line  assumed  as  base  or  meridian. 

Subdivision  Commenced  Febniarp  1,  1851. 
291.     From  the  corner  (o  sectJons  1,  2,  3,  5  and  36,  on  the 
Bouth  boundary  of  the  township,  I  ran — 
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51,00 
71,00 
80,00 


A  beech,  30  inches  diimpte 
A  beech,  30  inches  diamct. 
Set  a  post  for  quarter  3< 
A  beech,  8  inches  diametei 
A  beech,  15  inches  dinmete 
A  beeeh,  IS  in.  diam.  (this 


9,00 

15,00 
40,00 
55,00 
72,00 

eo,oo 


r  (marked  3  blaiea  on  front  and  rear). 
•f  (on  line  marked  us  sboTe). 
ctioQ  corner,  from  nhich — 
■,  bears  N.  23°  W.,  45  links  dist. 
sr,  hears  8.  48°  E.,  12  links  dist 

-ee,  and  marked  aa  abore). 
A  sugar  tree  (maple),  30  inches  diameter. 

Set  a  post  for  corner  to  sec.  25,  2G,  35  and  30,  from  which— 
A  beech,  28  inohea  diameter,  bears  N.  60°  E.,  45  links  dist. 
A  beech,  24  inches  diameter,  bears  K.  62°  W.,  17  links  dist. 
A  poplar,  20  inches  diameter,  bears  S.  70°  W.,  50  links  dist. 
A  poplar,  36  inches  diameter,  bears  S.  66°  E.,  34  links  dist. 
Land  IcTcl ;  second-rate  quality. 

Tiiafier — poplar,  beech,  sugar  tree,  and  some  oak,  undergrowth 
and  haiel. 

East  on  a  random  line,  between  sections  25  and  33, 
Variation  17°  iQ'  E, 
A  brook,  20  links  wide,  runs  north. 
To  foot  of  hill;  bears  north  and  south. 

Set  a  post  for  lentpoTary  quarter  section  corner, 
To  opposite  foot  of  hill ;  bears  north  and  south. 
A  brook,  15  linVs  wide,  runs  north. 

Intersected  the  east  boundary  at 
and  86,  from  which  corner  I  ran — 
Weit,  on  a  true  line,  between  sections  25  and  36. 
Variation  17°  46'  E. 

Set  a  post  on  top  of  hill ;  bears  north  and  south;  from  which — 
A  hickory,  14  inches  diameter,  bears  N.  60°  E.,  27  links  dist. 
A  beech,  15  inches  diameter,  hears  S.  74°  W.,  9  links  dist, 
The  comer  to  sections  25,  2Q,  35  and  3fi. 

Land  —  east  ]ind  west  parts  lerel ;    Grst-rate.      Middle  part 
broken,  and  third-rate. 

Timber — beech,  oak  and  ash  ;  undergrowth  ;  same  and  spice 
in  the  branch  bottoms. 

We  proceed  as  above,  N.  bet.  25  and  26,  then  E,  bet.  25  and  86. 
Again,  N.  between  23  and  24,  then  E.  between  24  and  25. 
Again,  N.  between  14  and  13,  then  E.  between  13  and  24. 
Again,  N,  between  11  and  12,  then  E.  between  12  and  13. 
Again,  K.  between  1  and  2,  as  follows: 

North,  on  a  random  line. 

Variation  17°  46' E. 

Set  a  temporary  post  for  quarter  section  comer. 

Intersected  the  north  boundary  of  the  township  32  links  east 
of  corner  to  sections  1  and  2,  from  which  corner  I  ran — 
South,  on  a  true  line,  between  sections  1  and  2. 

Variation  18°  E. 
Set  a  post  for  quarter  section  corner,  from  which — 
A  itbit«  oak,  20  inches  diatseter,  bears  N.  31°  W.,  65  links  diet. 
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!.  49''  E.,  32  links  diet. 


Tliec< 
Laad 


iiel; 


good 


rich  SI 


—walnnt,  sugar  tree,  beeoh,  anJ  various  kinds  of  oak ; 
open  woods.  February  2,  1851. 

JVofe.  Here  we  find  that  the  line  bettreen  eections  1  and  2  is 
ruu  from  post  to  post,  making  no  jog  or  offset  on  tbe  north 
boundarj  of  the  township;  and  that  the  south  quarter  sections 


e  nortb  tier  of  sections  are  40  chains,  from 
leaving  the  surplus  of  11   links  in  the  north  tier  of  ijuarti 


■th. 


292.  West,  on  #(rue  line,  between  sections  30  and  31,  know- 
ing that  it  will  strike  the  Chickeeles  Hirer  in  less  than  80,00 
chains.  Variation  17*  40*  E. 

A  white  oak,  15  inches  diameter. 

Leave  upland,  and  enter  creek  bottom,  hearing  N.B.  and  S.W. 
Eik  creek,  200  links  wide;  gentle  current;  muddy  bottom  and 
banks ;  runs  S.W. 

Asoerlained  tlie  distance  across  the  creek  on  tbe  line  as  follows ; 

Cause  the  flag  to  be  set  on  tbe  right  bank  of  tho  creek,  and  in 
the  line  between  sections  30  and  31.  From  the  station  on  the 
left  bank  of  creek,  at  8,00  chains,  I  run  south  245  links,  to  a 
]t  from  which  the  flag  on  the  right  bank  bears  N.  45°  W., 
which  gives  for  the  distance  across  the  creek,  ou  the  line  between 
,ions  30  and  31,  245  links, 
ur  oak,  24  inches  diameter. 

et  a  post  for  quarter  seoiion  comer,  from  which — 
A  buck-eje,  24  inches  diameter,  bears  N.  15"  W.,  6  links  dial. 
A  white  oak,  30  inches  diameter,  bears  S.  65°  E.,  12  links  disL 

Set  a  post  on  Che  left  bank  of  Chickeeles  RiVer,  a  navigable 
ttream,  for  corner  to  fractional  sections  30  and  31 ,  from  whicb^ 
A  buck-eye,  16  inches  diameter,  bears  N.  50°  E.,  16  links  diat. 
A  haokberrj,  15  inches  diameter,  bears  S.  79»  E.,  14  links  diit. 

Land  and  timber  described  as  above. 

Nole.  We  find  this  part  of  the  line  between  sections  30  and 
31  in  the  Manual  of  Iftu)  Initruclions,  page  35,  and  the  other  part 
in  page  42,  as  follows; 

From  the  corner  to  sections  30  and  SI,  on  the  west  boundary 
of  the  township,  I  ran— 
East  on  a  true  Une,  between  sections  30  and  31. 

Variation  18"  E. 
A  white  oak,  16  inches  diameter. 

Intersecled  the  right  bank  of  Chickeeles  River,  where  t  set  & 
post  for  corner  to  fractional  secdona  30  and  31,  from  whicb— 
A  black  oak,  16  inches  diameter,  bears  N.  60"  W  ,  26  links  dist 
A  white  oak,  20  incbes  diameter,  bears  S.  35°  W  ,  S2  links  diet 
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Chri«». 

From  this  corner  I  run  south  12  link9.  to  a  point  <r:eEt  o!  the 

corner  to  fractional  sections  80  and  31.  on  the  UfC  bunk  of  the 

river.     Theoce  continue  south  814  liuks,  to  a  point  from  ivhich 

the  corner  to  fraolionsl  sections  30  and  SI,  on  the  left  bank  of 

the  rirer,  bears  N.  T2°  E.,  which  gites  for  the  distance  across 

the  ri*er  9,65  chains.     The  length  of  the  line  botweea  sections 

W  aod  SI,  is  as  foUows : 

Part  east  of  the  Hver,         41,90  ehaias. 

Part  across  the  rWor,            9,65      " 

Part  west  of  the  riier,        23,50      " 

Total,            75,05  chains. 

Note.     Here  the  method  of  finding  the  distance  across  the 

river,  and  of  showing  the  amount  of  the  jog  or  deviatioQ  from  a 

straight  line,  is  ahowQ.                  , 

Bs.     {Nes!  Manual,  p.  42.) 

293.  Begin  at  the  corner  to  fractional  sections  25  and  30,  on  the  range 
line.  I  chain  south  of  the  quarter  section  corner  on  said  line,  and  run 
thence  down  stream,  with  the  -meanderB  of  Ib.e  left  bank  of  Chickeeies 


S.  il"  E. 

20,00' 

At  10  chains  discovered  a  fine  mineral  spring. 

S.  49=  E. 

15,00 

Here  appeared  the  remains  of  an  Indian  village. 

S.  <2'  E. 

12,00 

S.12|='E. 

6,30 

To  the  fractional  sectiona  30  and  31. 
Thence  in  section  31, 

8. 13°  W. 

13,50 

To  mouth  of  Elk  River,  200  links  wide;   comes  from 
the  east. 

8.41"^. 

9,00 

At  200  links  (on  this  line)  across  the  creek. 

S.  68°  W. 

n,po 

S.  35"  W. 

11,00 

S.  20"  W. 

20,00 

At  IS  chains,  mouth  of  stream,  25  links  wide,  eomes 
from  9.E. 

S,23J°W, 

To  the  corner,  to  fractional  sections  31  and  36,  on  the 
range  line,  and  R,56  chains  north  of  the  corner  to  sec- 
tions 1,  6,  SI  and  36,  or  S.W.  corner  to  this  towoship, 

Land  level,  and  rich  soil;  _subjeot  to  inundation. 

Timber — oak,  hickory,  beech,  elm,  etc. 

r  COBHEBS.     (j\'iai  Inttrjiclioni,  p.  27.) 
Let  the  annexed  diagram  represent  an  east  and  west  line  between 


Sec.  31. 

Sec,  32. 

Sec.  33. 

Sec.  84. 

Sec.  86. 

Sec- as. 

Sec.  8, 

Sec.  5, 

Sec.  t. 

Sec.  3. 

Sec.  2. 

Sec.  1. 
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two  townships,  aod  tliat  all  trnceB  of  the  corner  to  seetioDB  4,  6,  32  and 
33  are  lost  or  base  disappeared.  I  restored  and  re-established  said  comer 
in  tbe  foIloTfing  maniier: 

Begin  at  the  quarter  section  cofner  marked  -a  on  diagrani,  on  tbe  line 
belneen  flections  4  and  SS.  Oqb  of  the  witness  trees  lo  this  corner  has 
fallen,  and  the  po9t  is  gone. 

The  black  oak  (witness  tree),  18  inches  diameter,  bearing  N,  25"  E., 
32  liuks  distance,  is  standing,  and  sound.  I  find  also  the  black  oak  station 
or  line  tree  (marked  b  on  diitgram),  24  inches  diameter,  called  for  at 
87,51  ofaaina,  and  2,49  chains  wesfof  the  quarter  section  corner.  Set  a 
new  post  at  the  point  a  for  quarter  section  corner,  and  mark  for  witness 
tree.  A  white  oak,  20  inches  diameter,  bears  N.  34°  W.,  37  links  dist. 
West  with  lie  old  marked  line. 

Variation  IS"  25'  E, 

At  40,00  chains,  set  a  post  for  temporar;  comer  to  sections  4,  6,  32 
and  33. 

At  80,06  chains,  to  a  point  7  links  south  of  the  quarter  section  comer 
(marked  c  on  diagram),  on  line  between  sections  5  and  32.  This  corner 
agrees  with  its  description  in  the  Held  notes,  and  from  which  I  run  east, 
on  a  true  line,  between  sections  5  and  32. 

Variation  18'  22'. 

At  40,03  cbains,  set  a  lime  stone,  IS  inches  long,  12  inches  wide,  and 
3  inches  thick,  for  tbe  rt-estabiithed  comer  to  sections  4,  5,  32  and  33, 
from  whicb — 

A  white  oak,'  12  inches  dinmetei(  bears  N.  21°  E.,  41  links  dist. 

A  white  oak,  J6  inches  diameter,  bears  N.  21"  W.,  21  links  dist. 

A  black  oak,  18  inches  diameter,  bears  S.  17"  W.,  32  links  dist. 

A  bur  oak,  20  inches  diameter,  bears  S.  21"  E.,  37  links  dist. 

Note  1.  Ilie  diagram,  and  letters  a,  b,  c,  and  that  part  in  parentheses, 
are  not  in  the  lostructions. 

Ifote  2.  Hence  it  appears  that  tbe  BtirTe;or  has  ran  between  the  near- 
est undisputed  corners,  and  divided  tbe  distance  ^ro  rata,  or  in  proportion 
to  the  original  subdivision.  Although  in  this  case  the  line  has  been  found 
blaied,  and  one  line  or  station  tree  found  standing,  tbe  required  section 
comer  is  not  found  by  producing  tbe  line  from  a,  through  b,  ts  d.    Althougli 

I  haTe  met  a  few  eurvejors  who  have  endeavored  to  re-establish  corners 
in  this  manner,  I  do  not  know  by  what  law,  theory  or  practice  they  oouid 
have  acted.     It  is  in  direct  violation  of  the  fundamental  act  of  Congress, 

II  Feb.,  1805,  which  says  that  lines  are  to  be  mo  "from  one  eomer  ta  the 
eorrapondiag  coma-  opposite.     (See  sequel  Geodalieal  Jurisprudence.) 

Re-establishing  Loit  Cornirs.     (From  Old  Imtracliona,  p.  63.) 

295.  Where  old  section  or  township  comers  have  been  completely  de- 
stroyed, the  places  where  they  are  to  be  re  ■established  may  be  found,  in 
timber,  where  the  old  bloies  are  tolerably  plain,  by  the  iiiterieciioiui  of  the 
east  and  west  lines  with  the  north  and  south  lines. 

If  in  prairie,  in  the  following  manner; 
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Lettheanliesed  diagram  Mpreaent 
part  of  the  township.  This  eianiple 
is  often  giveQ  {  Suppose  tbiit  the  cor- 
ner to  seclioDB  25,  26,  36  and  36  to 
be  missing,  and  that  the  quarter  sec- 
tion cornel*  on  the  line  between  aec- 
o  tie  found.     Begin 


t  the  said  qua 
Dd  run  DOrtJi  Oi 


0  the 


firtt  cornelr  Which  can  be  identifiei 
which  ne  nill  5Uppo9e  to  be  that 
sections  23,  2<l,  26  and  26. 

At  the  end  of  the  first  40  chain 

25,  26,  35  and  36.  At  60  chains,  si 
a.  teroporary  quarter  section  corni 
post,  and  suppose  als*  that  121,20 
w^st  of  said  comer  33,  24,  25  and 
the  corner  ran  for,  and  the  distan 
Boutti  on  a  true  line,  di 
three  half  miles,  viz. : 


95 

1,4 

1 

. 

-|- 

u 

27 

2  6 

2Ii 

3* 

i 

•;• 

5  would  be  at  a  point  due  east  or 
Hole  the  falling  or  distance  from 
o.     Thence  from  said  corner  run 

Ifee  ilirplvi,  ],20  chains,  equnlly  between  (he 

40,40  chains,  establish  a  quarter 


ner.  At  80,80  chains,  establish  the  corner  to  sections  25,  2«,  35  and  36. 
Thence  to  the  quarter  sectirm  corner,  on  the  \ioe  between  sectiooa  35  and 
36,  would  be  40,40  chains. 

The  !«st  mentioned  section  corner  being  established,  east  or  west  ran- 
dom or  true  Uneacan  now  be  ran  therefrom,  as  the  case  may  require. 

This  method  will  in  most  cases  enable  the  surveyor  to  renew  missing 
corners,*  by  re-establishing  them  in  the  right  plact. 

But  it  may  happen  that  after  having  established  th«  north  and  south 
line,  as  in  the  above  case,  the  corner  to  sections  26,  37,  34  and  SS  can  be 
found ;  also  the  quarter  section  comer  on  the  tine  between  26  and  35.  In 
this  ease  it  might  be  better  to  eitend  the  lino  from  the  corner  26,  27,  34 
and  35,  to  said  quarter  section  corner,  stTaight  to  its  intersection  with  the 
noTlh  and  lonlh  line  alnady  titiAliaked,  and  there  establish  the  corner  to 
eeolions  25,  26,  35  and  36.  If  this  point  should  differ  much  from  the 
point  where  you  would  place  the  corner  by  the  first  method  laid  lionn,  it 
mijht  be  well  to  eiamine  the  line  between  sections  25  and  36. 

Nolt  I.  HcBCe  it  appears  that  the  north  «tnd  south  lines  are  first  es- 
tablished, in  order  that  the  east  and  west  lines  may  be  run  therefrom ; 
and  that  when  the  east  anit  west  lines  can  be  correctly  traced  to  the  north 
a.rti  Bouth  line,  that  the  point  of  intersection  would  be  the  required  corner. 
It  ia  also  to  be  inferred  that  where  the  lines  on  both  sides  can  be  traced 
to  the  north  end  south  line,  a  point  equidistant  between  the  points  of 
intersection  would  be  the  required  corner. 

Jfaie  2.  It  will  not  do  to  run  from  a  section  or  quarter  section  corner 
on  the  nest  side  of  a  north  and  south  line,  to  a  section  corner,  or  quarter 
section,  on  the  east  side  of  the  line,  and  mabe  its  intersection  with  the 
north  and  south  line,  the  required  corner,  unless  that. these  two  tines 
were  originally  run  on  the  same  variation,  which  is  seldom  the  case. 

IfeU  3.     Having  fount!  apptosimaielj  the  mieBing  corner,  we  ought  to 
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search  diligently  for  the  remains  of  (he  old  post,  mound,  bearing  trees, 
or  Ihe  hole  where  it  stood. 

Bearing  trees  are  Bonjetimes  so  healed  aB  to  be  difljcult  to  know  them. 
By  standing  about  2  feet  from  them,  we  can  see  pari  of  the  bark  out  with 
su  even  face.  We  cut  obliquely  into  the  supposed  blnie  ou  the  tree  to  the 
old  wound.  We  count  the  layers  of  growth,  each  of  which  answers  to  one 
year.     By  these  means  we  find  lie  jeara  since  the  survey  has  been  made, 


e  thsD 


iniparing  witb  the  fii 


Semains  of  a  past,  or  where  it  once 
Take  the  earth  off  the  suspected  pi; 
going  down  to  10  or  12  inches,  we  v 


will  alnays  find  nut  to  differ 

stood,  mny  be  determined  ks  follows; 
ice  in  layers  with  a  sharp  spade.  By 
'ill  find  part  of  the  post,  or  a  eireular 
ving  the  toil  black  aKd  loose,  being  principally  composed  of  vege- 
table matter.  By  putting  an  iron  pin  or  arrow  into  it,  wS  find  it  partially 
hollow.  We  dig  6  feet  or  more  around  the  suspected  place.  Where  such 
remains  are  found,  we  make  a  note  of  it,  and  of  those  present.  Put  char- 
coal, glass,  delr,  or  slags  of  iron,  in  the  bole,  and  rj-eatablish  the  corner, 
noting  the  ciroumstancea  in  the  field  book. 

Ditches  or  lockspilling  are  eometitnes  made  on  the  line  to  perpetuate  it. 
This  will  be  an  infallible  guide,  and  we  only  require  to  know  if  the  edge 
or  centre  of  the  ditch  was  the  lino  or  boundary,  or  was  it  the  face  or  (op  of 
the  embankment.  These  answers  can  be  had  from  the  record,  or  from  the 
persons  who  have  made  the  ditch,  or  for  whom  it  has  been  made.  Should 
this  ditch  be  afterwards  ploughed  and  cultivated,  we  can  see  in  -Tune  a 
difference  in  the  appearance  of  the  plants  that  grow  thereon,  being  of  a 
richer  green  than  those  adjoining  the  ditch.  Or,  we  dig  a  trench  across 
the  suspected  place.  The  section  will  plainly  sbow  where  the  old  ditch 
was,  for  we  will  find  the  black  or  vegetable  mould  in  the  bottom  of  (be 
old  ditch.  We  may  have  the  line  pointed  out  by  the  oldest  settlers,  who 
are  acquainted  with  the  locality.  Surveyors  ought  to  spare  no  pains  to 
haie  all  things  so  correctly  done  as  to  pievent  litigation,  and  to  bear  in 
mind  that  "  inhere  the  original  line  icaa,  Ikere  it  is,  and  thall  be." 


{Old Instructions,  p.  62.) 


296.     In  surveying  the  public  lands,  the  United  States  Deputy  Survey 
only  the  true  linea,  and  establish  on  the  ground 


il  and  v:est  sectional  li 
e  deputy  surveyor; 


a  the  range, 

e  not  in  the  right 
which,  doubtless, 
01  always  run  tha 


the  cornera  to  townships,  and  sections,  and  quarter  se 
township  and  sectional  lines. 

There  are,  no  doubt,  many  cases  where  the  corner! 
place,  more  particularly  on 
is  owing  to  ihe  fact  that  s 

random  lines  Ihe  whole  distance  and  close  to  the  section  ci 
the  line  back,  and  establish  the  quarter  section  corner  on  the  true  line, 
and  at  average  distance  between  the  proper  section  corner;  but  only  ran 
east  or  west  (from  the  proper  section  corner)  -10,00  chains,  and  there  es' 
tablished  the  quarter  section  corner. 

Id  all  cases  .where  the  land  has  been  sold,  and  the  corners  can  be  found 
and  properly  identified,  according  to  the  original  approved  field  notea  of 
the  survey,  thii  o^e  hat  no  aulhority  to  remove  them. 
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297.  None  of  the  acts  of  Congress,  in  relation  (o  the  public  lands, 
taake  any  special  provision  in  respect  to  the  manner  in  which  the  sub- 
■drrisions  of  teotiona  should  be  made  by  deputy  survejors. 

The  following  plan  may,  however,  be  safely  adopted  in  respect  to  all 
sections,  excepting  those  a'Jjoining  tlie  north  and  west  boundaries  of  a 
tonushlp,  vhere  the  sanie  is  to  be  surveyed; 

Let  the  annesed  diagram  rep- 

seo.  10.  a.  D,  H  aod  F  are 
quarter  sectiofL  corners.  Run 
a  true  Une  from  F  to  I) ;  estab- 
lish the  comer  E,  making  D  E 
=  E  F ;  then  malie  straigbt 
lines  from  E  to  D  and  from  E  ] 


oH,  Bl 


■e  the  SI 
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80 
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■divided  into  quarters. 

If  it  is  required  to  aubdivii 
*he  N.  E.  quarter  into  40  ac; 
tracts,  make  E  L  =  L  P,  ai 
B  0  =  O  C,  and  G  P  ^  P  I 
and  D  K  =  K  E ;  also  E  M  : 
M  B,  and  F  N  =  N  C.  Bun  from  M 
=,-|  N.  Here  tbe  K.  E.  quarter  secti- 
■S.W.  quarter  section  intfl  twolalves. 

JVofe.  As  the  east  and  west  aides  of  every  regular  ae 
«iid  that  the  qnarler  section  corners  on  the  north  and 
average  disla: 


on  a  true  line,  and  make  M  I 
divided  into  4  parts,  and  the 


n  is  80  chains, 
.th  aides  are  at 
ident  that  the  line  B  H  will  bisect  D  F,  or  any 
.rallel  to  G  Q.     Consequently  the  method  in  the  section  is  the  same 
in  effect  as  that  in  the  next. 

But  if,  by  a  re-survey,  we  find  that  A  B  ie  not  equal  to  B  C,  or  that 
G  H  is  not  equal  to  H  Q.  then  we  measure  the  line  from  D  to  F,  and  es- 
tablish the  point  E  at  average  distance. 

298.      Let  the  annexed  dia-    f  o  T>  T  E 

gram  represent  a  subdivision  of 
eection  3,  adjoining  the  north 
boundary  of  a  township,  being 
a  fractional  section.  ] 

In  this  case,  we  have  on  the 
original  map  A  F  =  38,67,  B  B 
==  89,78,  D  E  =  30,75,  F  D  =  . 
89,95,  1  C  =  39,75,  and  C  H  = 
89,75.  The  S.E.  and  S.W.  quar- 
ter seetlong  each  equal  to  160 
acres.  Lot  No.  1  each  equal  to 
80  acres.  lo  the  N.W.  quarter 
section  the  west  half  of  lot  2  ^ 
87,41  acres,  and  the  east  half 
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T2» 
of  lot  2  =  87, 9S  acres.     Theae  ay 
Id  the  H.E.  quarter  seclion,  the  w 
east  hiilf  of  lot  2  =  38,78, 

In  thia  enmople,  tliere  can  be  but  on;  rule  for  the  subdivision,  to  mnlte 
it  agree  itith  the  manner  in  which  the  several  aress  are  calculated.  Yoa 
Hill  observe  that  the  line  1  H  ia  79,50  chains,  and  that  llie  one  half  of  it, 
=  39,75,  is  assumed  aa  the  distance  from  B  to  D,  which  last  liistaace, 
39,75,  is  deducted  from  79,50,  the  length  of  tha  line  E  F  leaving  39,96 
chains  between  the  points  F  and  V.  Consequent!;  the  line  C  D  must  be 
txaelln  parallel  to  the  line  H  E,  withottt  paying  any  respect  to  the  quarter 
section  corner  near  D,  which  belongs  entirely  to  Bection  34  of  the  town- 
ship on  the  north.  Run  the  line  A  B  in  the  same  manner  fls  that  of  D  P 
on  diagram  sec.  297,  except  that  the  corner  Q  is  to  be  established  at  the 
point  where  the'  line  A  B  intersects  the  line  C  D.  After  surveying  thus 
far,  if  the  S.E  ani)  S.  VV.  quarters  are  to  be  subdivided,  it  can  be  done  as 
in  diagram  sec.  297.  In  this  case^to  aabdlvide  the  N.E.  and  S.W.  quar- 
ters, the  line  K  L  muH  be  parallel  to  A  B.  The  two  lines  ought  to  be  20 
chains  apart.  The  corner,  M,  ia  made  where  K  L  is  intersected  bj  C  D. 
But  as  two  surufj/DTJ  leldom  agree  exactly  a%  to  distances,  there  might  ha 
found  an  eicoas  or  deficiency  in  the  contents  of  the  N.E,  and  N.W.  quar- 
ters. ]f  so,  the  line  K  L  should  be  so  for  from  A  B  as  to  apportion  the- 
excel!  or  dtficiewy  between  lots  1  and  2,  not  equally,  but  in  proportioiv 
to  the  quantities  sold  in  each.  If  the  lots  numbered  2  are  divided  ou  the 
township  plat  hy  north  and  south  lines,  then  that  of  the  N.W.  quarteir 
must  have  its  south  end  equidistant  between  K  and  M,  and  its  north  end 
equidistant  between  P  and  D.  The  N.E.  quarter  wjU  be  subdivided  by  a 
line  parallel  to  M  D  and  L  E,  exactly  half  way  between  them. 

Note.  Here  we  have  the  quarter  section  corners  A,  B,  C  and  I)  given, 
and  where  the  line  A  B  intersects  C  I>,  gives  the  interior  quarter  section 

We  find  also  that  A  K  =  B  L  =  20  chains  generally,  and  that  K  N  =- 
N  M,  and  F  Q  ^  Q  D.     Also  M  0  =  0  L,  and  U  P  ^  P  E. 

Let  us  suppose  that  the  original  map  or  plat  in  this  example  gave  the 
N.E.  quarter  157  acres— that  is,  lot  I  =  80  and  lot  2  =  77  acres,  and 
that  in  surveying  this  quarter  section  we  find  the  area  =;  159  acres,  then 
we  say,  as  157  :  159  : :  80  to  the  surplus  for  lot  1,  or,  as  157  ;  159  :;  77 
to  surplus  in  lot  2  ;  and  haring  the  corrected  area  of  lot  1,  and  the  lengths 
of  B  0  and  h  M,  we  can  easily  find  the  width  B  L. 

y^ote  2,  The  above  method  of  establishing  the  interior  corner,  M,  is 
according  to  the  statutes  of  the  State  of  Wisconsin,  and  appenrs  to  be  the 
best,  as  the  original  survey  contemplates  liiat  the  lines  I  P,  H  E,  F  E, 
1  H,  A  B  and  C  D  are  straight  lines, 

Oovemmenl  Plate  or  Maps. 

299.  The  plats  are  drawn  on  a  scale  of  40  chains  to  one  inch.  The 
section  lines  ate  drawn  with  faint  lines ;  the  quarter  section  lines  are  in 
dotted  lines  ;  the  township  lines  are  in  heavy  lioes.  The  number  of  the 
section  is  abore  the  centre  of  each  section,  and  ita  area  in  acres  under  it. 
On  the  north  side  of  each  section  is  the  length  thereof,  eicepting  the  south 
section  lines  of  sections  32,  33,  34i  35  and  36.  The  section  corners  oq 
the  township  linea  are  marked  by  the  letters  A,  B,  C,  D,  etc.,  A  being  %t 


jetftijGoogle 


72(  TNItKD    ST^ 

the  H.B.  ooroer,  G  at  the  N.W.,  N  ot  tha  S.W.,  and  T  at  the  S.E.     The 

dod  B,  f  between  G  and  F,  n  belweeo  N  and  0,  and  9  between  S  and  T. 
(See  New  Inslrnctions,  diagrain  B.) 

jVo(e.  On  the  maps  or  plats  which  we  haTC  seen,  A  begins  at  N.W. 
.  corner  and  continues  to  the  right,  making  F  at  the  8.W.  corner  ot  the 
township.  The  qnarter  section  corner  on  the  north  eide  of  everj  sectioo 
is  numbered  1,  2,  3,  i,  5  nnd  G,  beginning  on  the  east  side,  snd  rtinaing 
to  the  west  line.  Number  1  is  at  the  quarter  section  corner  oq  the  north 
gide  of  each  section,  12,  13,  24,  25  anil  86.  Number  6  is  at  the  quarter 
section  corners  on  the  north  side  of  each,  of  sections  7, 18, 19,  30  and  81. 

There  is  a  large  hook  of  field  notes,  showing  only  where  mounds  and 
trees  are  made  landmarks.  The  kind  of  trees  marked  as  witness  trees; 
their  diameter,  bearing  and  distances,  are  giTcn  for  A,  a,  B,  b,  C,  o,  to 

i  I,  r,  r- 

For  intiririT  section  eertiers,  begin  ^t  S.G.  corner,  Bhowlog  the  notes  to 
Bcctiong  lb.  26,  So,  30  ;  23,  24,  2b,  26  ;  and  two  after  (wo  to  sections  S, 
6,-  7,  8,  at  N.W.  corner  of  the  township. 

For  inleriOT  quarter  setlian  corners,  begin  at  M,  the  N,E.  corner  of  section 
se,  and  run  to  U,  N.W.  corner  of  section  81,  thus: 

M  to  U,  at  1,  post  in  mound. 

2,  bur  oak,  18  inches  diameter,  bears  N,  3°  E.  80  links. 

bur  oak,  12  inches  diameter,  bears  S,  89°  W.  250  links. 
6,  poet  in  mound. 

Nest  run  L  to  V,  K  to  W,  I  to  X,  and  H  to  T,  giving  the  witness  trees, 
if  any,  at  quarter  section  corners  numbered  1,  2,  etc.,  as  aboTe.  Then 
begin  to  note  from  south  to  north,  by  beginning  at  0  and  noting  to  F, 
then  P  to  E,  Q  to  D,  R  to  C,  and  S  to  B. 

The  plats  show  by  whom  the  outlines  and  eubdiTisions  have  been  sur~ 
Tejed  ;  date  of  contract ;  total  area  in  acres  ;  total  of  claims  or  land  ex- 
empt from  sale  ;  the  TariatioQ  of  the  township  and  subdiTision  lines;  and 
the  detail  required  by  section. 


300.  A,  lays  out  a  Tillage,  which  may  be  called  after  bini,  as  CleaTcr- 
Tille,  Kilbourntown,  Evanston  ;  or  it  may  be  named  after  some  river, 
Indian  chief,  etc,  as  Hudaon,  Chicago.  This  Tillage  ia  laid  out  into  blocks, 
streets  and  alleys.  The  blocks  are  numbered  1,  2,  3,  etc.,  generally 
beginning  at  the  N,E.  corner  of  the  village.  The  lots  are  laid  off  fronting 
OD  streets,  and  geuerally  running  back  to  an  alley.  The  lots  are  num- 
bered 1,  2,  3,  etc.,  and  generally  lot  1  begins  at  the  N.E.  corner  of  each 
block.  The  streets  are  80,  136,  fiO  and  40  feet— generally  60  feet.  In 
places  where  there  is  a  prospect  of  the  street  to  be  of  importance  as  a 
place  for  bosiness,  the  streets  are  80  feet.  Although  many  streets  are 
found  40  feet  wide,  they  are  objectionable,  as  in  large  cities  they  an 
subsequently  widened  to  60  or  66  feet.  This  necessarily  incurs  eipensee, 
nod  causes  litigations. 

SidetcaVn.  The  streets  are  from  the  side  of  one  building  to  that  o1 
another  on  the  opposite  side  of  the  sireet;  that  is,  the  street  includes  the 
carriage  way  and  two  sidewalks.     Where  the  street  Is  80  feet  wide,  eacli 
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sidewalk  is  usually  16  foet. 
sidewalk  is  usually  14  feet, 
sidenalb  is  usually  9  feet. 

Corner  ilonei.  The  statutes  of  eaoli  State  generally  require  corner 
stones  to  be  put  dowu  so  as  (o  perpetuate  tlie  lines  of  each  village,  town, 
or  addition  to  any  lonn  or  city. 

Mapi  or  plats  of  suoh  Tillage,  town  or  addition,  is  certified  as  correct  by  , 
the  county  or  city  surveyor,  as  the  State  law  may  require.  The  map  or 
plat  is  next  acknowledged  by  the  owner,  before  a  Justice  of  the  Peace  or 
Notary  Public,  to  be  his  act  and  deed. 

Flat  TKorded.  The  plat  is  then  recorded  in  a  book  of  maps  kept  in  the 
Recorder's  or  KcgLstrar's  ofEce,  in  the  county  town  or  seat. 

Dimensiom  on  tl^inap.  Show  the  width  of  streets,  alleys  and  lota  ;  the 
depths  of  lots  ;  the  angles  made  by  one  street  with  another;  the  distances 
from  corner  or  centre  stones  to  some  permanent  objects,  if  any.  These 
distances  are  supposed  to  be  mathematically  correct,  and  according  to 
nhicb  tbe  lots  are  sold. 

Lots  are  sold  by  their  number  and  block,  na,  for  eiample :  "All  that 
parcel  or  piece  of  land  known  as  lot  number  6,  in  block  12,  in  Matthew 
Collins'  subdivision  of  tbe  N.E.  quarter  section  25,  in  township  6  nortb, 
and  rauge  2  east,  of  the  third  principal  meridian,  being  in  the  county  of 
,  and  Slate  of " 

All  plats  are  not  certified  by  county  or  city  surveyors.  In  some  Slates, 
surveyors  are  appoiuted  by  the  cflurts,  whose  acts  or  valid  surveys  are  to' 
be  taken  as  prima  facie  evidence.  In  other  States,  any  competent  sur- 
veyor can  make  the  subdivision,  and  swear  to-  its  being  correct  before  a 
Justice  of  the  Peace. 

Lots  are  also  sold  and  described  by  metes  and  bounds,  thus  giving  to 
the  first  purchasers  the  eiact  quantity  of  land  called  for  in  their  deeds, 
'  leaving  the  surplus  or  deficieacy  in  cbe  lot  last  conveyed. 

Mela  and  bound)  signify  tbat  the  land  begins  at  an  established  point,  or 
at  a  given  distance  from  an  established  point,  and  tbence  describes  the 
several  boundaries,  with  their  lengths  and  courses. 

Eilabliskmg  lost  corners.  Wben  some  posts  are  lost,  the  surveyor  finds 
the  two  nearest  undisputed  corners,  one  on  eacli  side  of  the  required  cor- 
ners. He  measures  between  these  two  comers,  and  divides  the  distance 
pro  rata;  that  is,  he  gives  each  lot  a  quantity  iij  proportion  to  the  original 
or  recorded  distance.  Where  there  is  a  surplus  found,  the  owners  are 
generally  satisfied;  but  where  there  is  a  deficiency,  tbey  are  frequently 
dissatisfied,  and  cause  an  inquiry  to  be  made  whether  this  deficiency  ia 
to  be  found  on  either  side  of  tbe  required  lots,  or  in  one  side  of  them.  As 
mankind  is  not  entirely  composed  of  honest  men,  it  has  frei;iueDtly  hap- 
pened that  poili,  and  even  boundary  atones,  kaiie  been  moved  out  of  their  true 
place!  by  interested  parties  or  unskilful  surveyors. 

In  subdividing  a  tract  into  rectangniar  blocks,  we  measure  the  outlines 
twice,  establish  the  comers  of  the  blocks  on  the  four  sides  of  the  tract, 
and,  by  means  of  intersections,  establish  the  corners  of  the  interior  blocks. 

Let  us  suppose  a  tract  to  be  divided  into  B6  blocks,  and  that  block  1  be- 
gins at  tbe  N.E.  corner,  and  continues  to  be  numbered  similar  to  township 
surveys.  We  erect  poles  at  the  N.W.  corners  of  blocks  1,  2,  3,  4  and  5, 
and  at  the  N.E.  comers  of  blocks  12,  13,  24,  2b  and  3G.     We  set  tbe  in- 
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strument  on  tha  soufli  line  at  S.W.  corner  of  block  30  ;  direct  the  tele- 
scope to  the  pole  at  the  N.W.  corner  of  block  1.  Let  the  aasiBtant  stand 
at  the  instrument.  We  stand  at  the  N.W.  aDgle  of  31,  and  make  John 
moTB  in  direction  ot  the  pole  at  the  N.W.  angle  of  36,  nntil  the  dasistant 
gives  the  signal  that  he  is  on  his  line.  Thia  will  gire  the  N.W.  angle  of 
-3Q,  where  John  drlvea  n  po^t,  on  the  top  of  which  he  holds,  his  pole  agnin 
on  tine,  and  driTes  a  nail  in  the  true  point.  We  tiien  moTe  to  the  N.W. 
angle  of  30,  and  cause  John  to  move  until  he  is  on  our  assistant's  line, 
therebyestablishingthaN.W.  corner  of  25,  aad  so  on  for  the  N.W.  comer* 
of  24,  13  and  12.  We  move  the  instrument  to  the  S.W.  comer  35,  and 
set  the  telescope  on  the  pole  at  N.W.  oorner  of  2,  and  proceed  as  before. 
■This  method  is  strictly  correct,  and  will  aerTe  to  detect  any  future  fraud, 
and  enable  us  to  re-establish  any  re<|uired  corner,  l&ere  the  blocks  are 
large,  the  lota  may  be  surveyed  as  above. 

Where  the  ground  ia  uneven,  or  woodland,  this  method  is  not  practi- 
icable.     However,  proving  lines  ought  to  be  run  at  every  three  blocks. 


CANADA  SURVEYING, 

301.  So  person  is  allowed  to  practice  land  surveying  until  lie  has 
-obtained  license,  under  a  penalty  of  £jlO,  one-half  of  which  goes  to  the 
prosecutor. 

Each  Province  has  a  Board  of  Examiners,  who  meet  at  the  Crown  Laud 
Office,  on  the  first  Monday  of  January,  April,  July  and  October. 

The  candidate  gives  one  week's  notice  to  the  Secretary  of  tfae  Board. 
He  must  have  served  as  an  apprentice  daring  three  years.  He  must  hate- 
first-rate  instruments,  (a  theodolite,  or  transit  with  vertical  arch,  for 
finding  latitude  and  tbe  true  meridian,)  He  mast  know  Geometry,  (eii 
books  of  Euclid,)  Trigonometry,  and  tbe  method  of  measuring  superficies, 
with  Astjonomy  sufficient  to  enable  him  to  find  latitude,  longitude,  true 
time,  run  all  necessary  boundary  lines  by  infallible  methods,  and  be 
Tereed  in  Geology  and  Mineralogy,  to  enable  him  to  state  in  his  reporls 
the  rocks  and  minerals  he  may  have  met  is  bis  aurveys.  He  must  have 
standard  measures,  one  five  links  long,  and  another  three  feet.  He  gives 
bonds  to  the  amount  of  ifkOO  dollars.  His  fees,  when  attending  court,  is 
four  dollars  per  day.  He  keeps  an  eiaot  record  of  all  his  surveys,  which, 
after  his  death,  is  to  be  filed  with  the  clerk  of  the  court  of  the  county  in 
which  he  lived.  Said  clerk  is  to  give  copies  of  these  surveys  to  any 
pereon  demanding  them  on  paying  cert^D  fees,  one-balf  of  which  is  to  be 
paid  to  the  beira  of  tbe  surveyor. 

The  Government  bnve  surveyed  their  townships  rectangularly,  as  in 
the  United  States,  except  where  tbey  could  make  lota  front  on  Govern- 
ment roads,  nverB  and  lakes.  This  has  been  a  very  wiae  plan,  as  several 
persons  can  settle  on  a  stream ;  whereas,  in  the  United  States,  one  man's 
lot  may  occupy  four  times  as  much  river  front  as  a  man  having  a  similar 
lot  in  Canada. 

302.  Lines  are  run  by  the  compass  in  the  original  survey,  but  all 
subsequent  side  lines  are  run  astronomically.  In  tbe  United  States,  lines 
are  ran  from  post  to  post,  which  requires  to  have  two  undisputed  points, 
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4nd  that  a  line  shouM  be  im-nrkbly  first  run  and  then  cor 
tbe  departure  from  tlie  rear  post.  In  the  Canada  ayste: 
pDHt  in  front  of  the  lot,  and  then  rnn  a  Una  truly  purallel  tc 
line,  and  driTfl  a  poat  where  the  line  m 

The  anneied 
Fig.  repreaenta  | 
a  part   of   the  I 


oted  Ijack  for 
,  ne  find  the 
,he  goTorning 


ji  parallel  to  the  township  line  froJ 


fifth  lot. 

The  front  of  each  dtncession  it  that  from  whinh  the  concesiiont  are  numbered ; 
that  is,  the  front  of  coaceEsioo  II  is  to  the  line  a  d. 

Where  posti  viere  planted,  or  set  on  the  river,  the  front  of  concession  B 
is  the  river,  and  that  of  couceasion  A  is  on  the  ooBoession  line  n  /,  etc., 

303.     .Side  linei  are  to 
iots  are  mimiered. 

The  line  between  lota  T  and  S 
eame  true  bearing  aa  the  toirnahip  line  a  b ;  but  if  the  line  m,  o,  o,  p,  a, 
etc^  be  run  in  the  origioal  auryey  as  a  proving  line,  then  the  line  between 
7  and  8  ia  to  be  ruo  parallel  to  the  line^  i,  and  all  lines  from  Ihe  lineji  i 
to  the  end  are  to  be  run  parallel  top  i,  and  lines  from  a  io  p  are  to  be  run 
parallel  to  a  b.  When  there  is  no  proving  or  tawnsbip  line  where  the 
lota  are  numbered  from,  as  in  eon.  A,  we  must  run  parallel  to  the  tine 
V  a;  but  if  there  is  a  proving  line  as  m  n,  all  lines  in  that  concession 
shall  be  run  parallel  to  iL 

When  there  is  no  town  line  at  either  end  of  the  oonoeasion,  as  in  con. 
B,  the  side  lines  are  ran  parallel  to  the  proving  line,  if  any. 

When  there  is  neither  proving  line  or  township  line  at  either  end,  as  in 
Goncesaion  B,  we  open  the  concession  line  Ic  if,  and  with  this  as  base,  Isjr 
off  the  original  angle. 

Eiample.  The  original  bearing  of  Aw  is  K.  16°  W.,  and  that  of  the 
wde  lines  N.  66"  E.  .  To  run  the  line  between  lota  14  and  15,  in  con.  B, 
w«  Uy  off  tram  the  base  J;  w  an  angle  of  82°,  and  n 
original  posts  are  markec 

This  shows  that  the  allowance  for  road  is  in  rear  of 
con.  C;  that  i.l,  the  concession  line  between  con- 
11  ceasions  B  and  C  is  on  the  west  line  of  allowanoe 
of  road.  The  original  Geld  notjjp  are  kept  as  in 
the  United  States,  showing  the  quality  iff  timber, 
Boll,  elo. 

If  the  concessions  were  nnmbered  i^otn  a  river  or  lake,  and  that  no 
posts  were  set  on  the  water's  edge,  then  the  Unee  shall  be  ran  tcom  tht 
tear  to  the  water. 


1  the  four  sides  thaa. 
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When  conceiston  Ivtet  are  taarhtd  n  i(A  ta  o  Ton-i  of  posts,  and  that  the 
land  iB.(ieBcribed  in  half  lots  then  the  tiDes  ahtill  be  ilmwa  from  both 
ends  parallel  to  the  governmg  line  and  to  the  centre  of  the  ooneession  if 
the  lots  were  intended  tn  be  enual,  or  proportional  to  the  original  deptba. 

When  the  line  in  front  of  the  conoession  nag  mt,  run  in  the  original 
survey,  then  run  from  the  rear  to  a  proportionate  depth  between  said  rear 
line  and  tba  adjacent  coDoession.     (See  Act,  1849,  Sea.  XXXVI.) 

Exampie.     The  line  a  d  has  not  been  run,  but  the  lines  b  a  and  I  v  haie 

lieC  the  depth  of  each  concession  ^  8000  links.  Road,  on  the  line  a  d, 
100  links.  Run  the  line  between  T  and  8,  by  beginning  at  the  point  h, 
and  running  the  line  h  q  parallel  to  n  b,  and  equal  to  half  the  width  of 
concession  I  and  II.  Measure  k  q,  and  Snd  it  8200  links.  Suppose  that 
the  allowance  for  road  is  in  the  rear  of  each  concession ;  that  is,  the 
weat  side  of  each  concession  road  allowance  is  (be  concession  line;  then 
S200  links  include  100  links  for  one  road,  leaiiDg  the  mean  depth  of  con- 
oe8aionII  =  tobe8IOOIink3  =  A  g.  In  like  manner  we  find  the  depth 
of  the  line  betneen  8  and  9,  and  the  straight  tine  joining  these  points  is 
the  true  coneeasion  line.     (See  Act,  May,  1849,  Sec.  XXXVI.) 

304.  Maps  of  towns  or  villages  are  to  bo  certified  aa  correct  h;  a  land 
surveyor  and  the  owner  or  hia  agent,  and  shall  contain  the  courses  and 
distances  of  each  line,  and  roust  be  put  on  record,  as  in  the  United  States, 
wilbin  one  year,  and  before  any  lot  is  sold.  These  maps,  or  certified 
copies  of  them,  can  he  produced  as  evidence  in  court,  provided  such  copy 
be  certified  aa  a  true  copy  by  the  County  Registrar. 

When  A  got  P.  L.  surveyor  S,  to  run  the  line  between  0  and  7  in  con- 
cession II,  and  finds  that  the  line  has  taken  part  of  bis  lot  6,  on  wjiich 
be  has  improved ;  that  is,  he  finds  part  of  IS's  lot  7  included  inside  hia 
old  boundary  fence.  Tlie  value  of  his  improvements  ia  400  dollars,  be- 
longing lo  A,  and  the  value  of  the  land  to  be  recovered  by  B  ia  100  dol- 
lars. Then,  if  IS  becomes  plaintiff  to  recover  part  of  his  lot  7,  worth  100 
dollars,  he  has  to  pay  A  the  amount  of  his  damages  for  improvement,  viz. 
400  dollars,  or  sell  the  disputed  piece  to  A  for  the  assessed  value,  (See 
Act  of  1849,  Sec.  L.) 

306.  In  the  Seigniories,  fronting  on  the  St.  Lawrence,  the  true  bearing 
of  each  side  line  is  K.  45°  W.,  with  a  few  eiceptions  about  the  Ticinily 
of  St.  Ignace,  below  Quebec. 

In  the  Ottawa  Seignloriea,  the  true  or  astronomical  bearing  is  N.  11° 
15'  E.  This  makes  It  easier  than  in  tlie  townships,  aa  there  is  no  occa- 
Bion  to  go  to  the  township  line  for  each  concession. 

306.      Where  Oie  otii/inal poils  or  monmnenls  are  lost, 

"In  all  cases  when  any  land  Eurveyor  shall  be  employed  in  Upper 
Canada  to  run  any  aide  line  or  limits  between  Jots,  and  the  original  post 
or  monument  from  wliich  such  lino  should  commence  cannot  be  found,  he 
shall  in  every  sucli  case,  obtiun  the  best  evidence  that  the  nature  of  the 
(■-.tsf  will  o.lmit  of.  rpspecting  such  side  line,  post  or  limit;  but  if  the 
■  ■  .  ■  ■!■■  .  :  i  ■  .ri-t-cliirily  ii^cevlaiued,  llicn  the  surveyor  shall  measure 
!■,■.  .1  .1  ,  ■■!  lii'lwpeii  the  nearest  undisputed  posts,  limits  or  iDOna- 
iir  II  .  1*1  ii.ili'  such  distance  Inl-o  aufh  number  of  lots  as  the  same 
criiiiiiiiiiil  ill  tj.c  r.riginal  survey,  assigning  to  each  abreadth  proportionate 
to  t^at  intended  in  such  original  sui-rey,  aa  abown  on  the  plan  and  field- 
notes  tiiercof,  of  record  in  the  office  of  the  Commissioner  of  Crown  Lands 
of  fbia  Province  :  anil  if  any  portion  of  the  line  in  front  of  the 
in  which  such  loti  ore  situate,  or  boimdary  of  the  tovnship  In  whioli  i 
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e,  shall  be  obliternted  or  loat,  then  the  surve^'or  ahalt 
run  A  line  between  tbe  two  nearest  poiat^  or  places  where  sucb  line  cnn 
be  clBttrly  anil  autisfactwrily  ascertained,  in  the  manner  provided  in  tills 
Act,  and  in  the  Act  first  cit«d  in  (Ite  preamble  to  this  Act,  and  shall  plant 
all  such  intermediate  posts  or  monunienls  as  he  may  be  required  to  plant, 
in  the  line  so  aaoevtained.  baying  due  respect  to  any  allowance  for  a  road 
or  roads,  common  or  commons,  set  out  in  auch  original  sarrey  ;  and  the 
timita  (if  each  lot  so  found  shall  be  taken  to  be,  and  are  hereby  declsred 
to  be  the  true  limits  thereof;  any  law  or  usage  to  the  contrary  thereof  in 
any  wise  notwiths landing." 

[This  is  the  aame  as  Sec.  XX  of  the  Act  of  May,  1849,  respecting 
Lower  Canada,  and  of  the  Act  of  1855,  Sec.  X.] 


GEODEDICAL   JURISPRUDENCE. 

Tlie  general  method  of  establishing  lines  in  the  United  States,  may  be 
taken  froft  the  United  States'  Statutes  at  Large,  vol.  11,  p.  313,  passed 
Fob.  11,1805. 


[See  the  Act  of  May  18,  nse,  chap.  XXIX,  vol.  J,  p.  46S.1 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America,  in  Congress  assembled.  That  tlie  Surveyor  General 
eiiall  ca\«e  all  those  lands  north  of  the  river  Ohio  which,  hy  virtue  of  the 
Act  intituled  "An  Act  providing  for  the  sale  of  the  lands  of  the  United 
States  in  the  territory  N.W.  of  the  river  Ohio,  and  above  the  mouth  of  the 
Kentucky  River,"  were  subdivided  by  running  through  the  townships 
parallel  lines  eaeh  way,  at  the  end  of  every  two  miles,  and  by  marking  a 
corner  on  each  of  the  said  tines  at  the  end  of  every  mile,  to  be  subdivided 
into  sections,  by  running  straight  lines  from  those  marked  to  tie  opposite 
corresponding  corners,  and  hy  marking  on  each  of  the  said  lines  inter- 
mediate corners,  as  nearly  as  possible  equidistant  from  the  corners  of  the 
sections  on  the  same.  And  the  said  Surveyor  General  shall  also  cause 
the  boundaries  of  all  the  ha!f  sections  which  had  been  purchased  previous 
to  the  1st  July  last,  and  on  which  the  surveying  fees  had  been  paid,  ac- 
cording to  law,  by  the  purchaser,  to  be  surveyed  and  marked,  bj  tunning 
straight  lines,  from  the  half  mile  comers  heretofore  marked,  to  the  oppo- 
site corresponding  corners;  and  intermediate  corners  shall,  at  the  same 
time,  he  marked  on  each  of  the  said  dividing  lines,  as  nearly  as  possible 
equidistant  from  the  corners  of  the  half  section  on  the  same  line. 

Provided,  That  the  whole  expense  of  surveying  and  marking  the  lines 
shall  not  exceed  three  doliars  for  every  mile  which  has  not  jtt  been  sur- 
veyed, and  which  will  be  actually  run.  surveyed  and  marked  by  virtne  of 
this  section,  shali  be  defrayed  out  of  the  moneys  appropriated,  or  which 
may  be  hereafter  appropriated  for  completing  the  surveys  of  the  public 
lands  of  the  United  States. 

Sec.  2.  And  be  it  further  enacted,  That  the  boundaries  and  contents  of 
the  several  sectious,  half  sections  and  quarter  sections  of  the  public  lands 
of  the  United  States  siiall  he  ascertained  in  conformity  with  the  following 
principles,  any  Act  or  Acts  to  the  contrary  notwithstanding: 

let.  All  the  corners  marked  in  the  surveys  returned,  by  the  Surveyor 
General,  or  hy  the  surveyor  of  the  land  south  of  the  State  of  Tennessee 
respectively,  shall  be  established  as  the  proper  corners  of  sections  or 
subdivisions  of  sections  which  they  were  intended  to  designate;  and  the 
corners  of  half  and  quarter  sections,  not  marked  on  tha  said  surreys, 
shall  bo  placed  as  nearly  as  possible  equidistant  from  those  two  corners 
vhicli  stand  on  tht  lami  tine. 

2iid.  Tlie  boundary  lines,  actually  run  and  marked  in  the  surveya  re- 
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turned  bj  tLe  Surveyor  General,  or  by  the  surveyor  of  tbe  land  south  of 
tlie  Statfl  of  TeDneaaee,  reapeotivolj,  ahatl  be  establiKhed  as  ttie  proper 
boundary  linea  of  the  seotions  or  BubJiTiaions  for  which  tbej  wera  ia- 
tendeil,  and  the  length  of  such  linea  as  returned  by  either  of  tbe  survejora 
aforesaid  shall  be  held  and  coni^idered  as  the  true  length  thereof. 

And  the  boundary  lines  which  shall  not  have  been  actually  run  and 
marked  as  aforesaid,  sball  be  ascertained  by  running  straight  lines  from 
tbe  established  corners  to  the  opposilse  corresponding  corners  ;^ut  in 
tbose  portions  of  the  fractionftl  tOKHabipa  wbere  no  such  corresponding 
corners  have  been  or  can  be  fixed,  the  said  boundary  lines  shall  be  aecer- 
taioed  by  running  from  Ihe  eslablisbed  corners  due  north  and  south,  or 
east  and  west  lines,  oa  the  case  may  be,  to  the  water  course,  Indian 
boundary  line,  or  other  citernol  boundary  of  such  fractional  townsliip. 

An  Act  passed  24th  May,  1824,  authorizes  the  Fresldent,  if  he  chooses 
to  cause  the  surrey  of  lands  fronting  on  rivers,  lakes,  bayous,  or  water 
courses,  to  be  laid  out  2  acres  front  ani!  40  acres  deep.  (See  United 
States'  Statutes  at  Large,  vol.  IV,  p.  34.) 

An  Act  passed  20th  iMay,  1830,  makes  it  a  misdemeanor  to  prevent  or 
obstruct  a  surveyor  in  the  discharge  of  his  duties.  Penatties  for  so 
doing,  fVom  $51}  to  $3000,  and  imprisonment  from  1  to  3  years. 

Sec.  2  of  this  Act  authorizes  the  surveyor  to  call  on  the  proper  antho;, 
rities  for  a  suffident  force  to  protect  Lira.     (Ibid,  vol.  IV,  p.  417.) 

The  Act  for  adjusting  claims  in  Louisiana  passed  10th  Feb,,  1S1I,  gare 
tbe  Surveyor  Genera!  some  discretionary  power  to  lay  out  lota,  fronting 
on  the  river,  58  poles  front  and  G5  poles  deep,    (tbid,  vol.  II,  p.  618.) 


1.  The  land  system  of  the  United  States  was  designed  to  provide  in 
advance  with  mathematical  precision  the  ascertainment  of  bonndaries ; 
and  the  second  section  of  the  Act  of  Congress  of  leOS  furnished  the  rules 
of  construction,  by  which  all  the  disputes  that  may  arise  about  boundaries, 
or  tbe  contents  of  any  section  or  aubdivisiOQ  of  a  section  of  land,  shall  be 
ascertained. 

2.  When  a  survey  has  been  made  and  returned  by  the  Surveyors,  it 
shall  be  held  to  be  matkematically  true,  as  to  the  lines  run  and  marked,  ' 
and  the  comers  established,  and  the  contents  returned. 

3.  £ach  seotion,  or  separate  subdivision  of  a  section,  is  independent  of 
any  other  teciion  in  the  township,  and  must  be  goiicmed  by  its  marked  and 
aiiiblished  boundaries. 

4.  And  should  they  be  obliterated  or  lost,  recourse  must  be  had  to  tbe 
best  evidence  that  can  be  obtained,  showing  tbelr  former  situation  and 
place. 

5.  The  purchaser  of  land  from  the  United  States  takes  by  metes  and 
hounds,  whether  the  actual  quantity  exceeds  or  falls  short  of  the  amount 
estimated  by  the  surveyor. 

6.  Whereanavigablestreaminterveneeinrunning  the  lines  of  a  seotion, 
the  surveyor  slops  at  tliat  point,  and  does  not  continue  across  the  river; 
tbe  fraction  thus  made  is  complete,  and  its  contorts  can  be  ascertained. 
ThBr«fore,  where  there  ia  a  discrepancy  between  Uie  corners  of  a  section, 
as  established  by  the  United  States'  Surveyor,  and  the  lines  as  run  and 
marked — the  latter  does  not  yield  to  the  former. 

7.  Whether  this  would  be  the  case  where  a  navigable  stream  does  not 
cross  the  lines. — Query. 

This  is  tbe  case  of  Lewin  v.  Smith ; 

Error  to  the  Circuit  Court  of  Tuskaloosa.  Plaintiff — an  action  of  tres- 
pass on  pAttion  of  fractional  sec.  26,  town.  21,  range  11  W.,  lying  uortk 
And  west  of  the  Black  Warrior  JtiTer, 
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Line  h  c  clftiir 
by  Sraitb. 

Field  Notes,  i 
ginniDgatN.W.c 

to  a  post  onN.  be 
of   tbe  river,   from  I 
nhich  north  80°  "" 
e.!7,  boi  elder- 
6ti°    E.,    O.IS, 
Thence    with    the  | 
meander  of  the  rive 

S.  71' E.,  7.50. 

N.  820  E.,  10. 

N.  9°  W.,  20. 

N.  10»  E.,  22. 

S.  4°  W.,  24.50,  ' 
to  a  poplar  on  the  south  bonndirj  of  a< 

Note. — Here  the  line  claimed  by  Smith  wss  established,  by  finding  the 
original  comers,  b  and  e.  Lewin  claimed  thai,  althougli  there  wns  no 
t  to  be  found  at  o,  that  isuch  would  be  legally  established  by  the 
line  from  J  to  rf,  rf  being  a  fractional  corner  at  the  stock- 
iide  fence  supposed  to  be  correct.  The  Court  deciJed  that  the  line  ^  ^o  c 
itaa  the  true  line,  as  the  line  and  bearing  trees  corresponded  vith  the 
field  notes,  and  therefore  decided  in  favor  of  Smith.  The  disputed  gora 
or  triangle,  ab  c,  contained  0  acres,  and  the  jog,  a  o  =  207  links. — MuD. 


308,  From  tlie  Kentncliy  Reports,  by  Thomas  B.  Monroe,  toI.  VII,  p. 
338.  Baxter  p.  K-vett.  Goveruraent  survey  made  in  1803  Patent  deed 
issued  in  1812.     Ejectment  instituted  ia  ISa^      Decision  in  1830. 

The  rule  is,  that  visible  or  actual  honndanes,  natural  or  artiiicial, 
called  for  iu  a  certificate  of  survey,  are  to  be  taken  as  the  abuttals,  so 
long  as  they  can  be  found  or  proved.  The  legal  presumption  is,  that  the 
surveyor  performed  the  duty  of  marking  and  bounding  the  survey  by 
artiiicial  or  natural  abattals,  cither  made  or  adopted  at  the  execution  of 
the  survey.  And  if  this  presumption  could  be  destroyed  by  undoubted 
testimony,  yet,  as  this  was  the  fault  of  the  officer  of  Ibe  Government,  and 
not  of  the  owner  of  the  survey,  his  right  ought  not  to  be  iniured,  whon 
the  omission  can  be  supplied  by  any  rational  means,  and  descriptions 
furnished  by  the  certiiicate  of  survey. 

In  locating  a  patent,  the  inijuiry  first  is  for  Ihi  diinarkation  of  bo^^da^J^ 
natural  or  artificial,  alluded  to  by  the  surveyor  If  these  can  be  fo-am 
txtarit,  cr  if  not  novt  existing,  can  be  proved  to  hove  existed,  and  their  loeaiitj) 
tan  be  ascertained,  these  are  to  govern.  The  courses  and  distances  specified 
in  a  plat  and  certificate  of  survey,  are  designed  to  describe  the  boundaries 
S3  actually  run  and  made  by  the  surveyor,  and  to  assist  in  preserving  the 
evidence  of  their  local  position,  to  aid  in  tracing  them  whilst  visible,  aoil 
in  establishing  their  former  position  in  case  of  destrucdan,  by  time,  accident 
IT  fraud.  As  guides  for  these  purposes,  the  courses  and  distances  named 
in  a  plat  and  certificate  of  survey  are  useful ;  but  a  line  or  oomer.estab- 
lished  by  a  sujjveyor  in  malting  a  snrvey,  upon  which  a  grant  has  issued, 
caoDot  be  altered  because  tbe  line  is  longer  or  shorter  than  the  distance 
specified,  or  because  the  relative  bearings  between  the  abuttals  vary  from 
the  course  named  in  tbe  plat  and  certificate  of  survey  :  so,  if  the  line  run 
by  the  surveyor  be  not  a  right  line,  as  supposed  from  bis  description, 
but  be  found,  by  tracing  it,  to  bo  a  curved  line,  yet  the  actual  line  must 
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goTern,  the  Tisible  notnal  boundfiry  tbe  thing  described,  and  not  the  ideal 
boundary  aoii  iniperfeol  description,  is  to  be  die  guide  and  rule  of  property. 

These  principles  are  recognized  in  Beckley  v.  Bryan,  prim.  dec.  107, 
and  Litt  sel.  Cafl.  91 ;  Morrisson  v.  Coghill,  prin.  dec.  382 ;  Lyon  v. 
RosB,  1  Bibb.  p.  467  ;  Cowan  u.frauntelroy,  2  Bibb.  p.  261 :  Shaw  v. 
Clement,  1  Call,  p.  438,  3d  point ;  Herbert  v.  Wise,  8  Call,  p.  239 ;  Baker 
«.  GlnsBcocke,  1  Hen.  &  Munf.,  p,  1T7;  Helm  v.  Smalihard,  p.  369, 
From  Me  lame  Slale  RtpOTts. 

5  Dana,  p.  543-4.  Johnson  v.  Gresham.  Here  Gresham  found  the 
eectioD  to  contain  096  acres;  had  it  surveyed  into  four  equal  parts,  thus 
embracing  1  to  3  acres  of  Johnson's  land,  which  extended  over  the  line 
run,  with  other  improvemeDtB.  Gresham  had  purchased  that  which 
Jobnaon  bad  pre-empted. 

Opinion  of  the  Court  by  Judge  Smng,  Oct.  19,  1837, 

I.  Though  the  Act  of  1820,  providing  for  aurveying  the  public  lands 
west  of  Uie  Tenneasee  Eiver,  directs  that  it  shall  be  laid  off  into  tonn- 
sbips  of  w  miles  square,  and  divided  into  sections  of  640  acres  each,  jet 
it  is  well  known,  through  the  unevonness  of  the  ground,  the  inaccuracy 
of  the  iustruments,  and  carelessness  of  surveyors,  that  many  sections 
embrace  leas,  and  many  more,  than  tbe  quantity  directed  by  the  Acl 
The  question  therefore  occurs,  how  the  eicoss  or  defideocy  shall  be  dis- 
posed of  among  the  quarters.  The  statute  further  directs  that  in  running 
the  lines  of  townships,  and  tbe  lines  parallel  thereto,  or  tbe  lines  of  sec- 
tions, "that  trees,  posts,  or  stones,  half  a  mile  from  tbe  corners  of  aec- 
tiona,  shall  be  marked  as  cornera  of  quarter  sections."  So  far,  therefore, 
aa  tbe  corners  or  lines  of  the  quarters  can  be  ascertained,  Ihey  should  be 
the  guides  and  constituted  boundaries  and  abuttals  of  eacb  quarter.  In 
the  absence  of  sucb  guides,  and  of  all  other  indicea  directing  to  the  place 
where  they  were  made,  tbe  sections  sbould  be  divided,  as  near  as  may 
be,  between  the  four  quarters,  obaerTing,  as  near  as  practicable,  the 
courses  and  distances  directed  by  the  Act.  When  laid  down  according 
to  these  rules,  the  quarter  in  contest  embraces  174  acres,  and  covors  a 
part  of  the  field  of  the  complainant,  as  well  as  bis  wasbbouse. 


809.     From  the  Illinois  Reports,  vol.  SI.     Rogers  p.  McClintock. 

!PKe;oomeT8  of  sections  on  township  lines  were  made  when  the  township 
••ffis'laid  out.  They  became  fixed  points,  and  if  their  position  can  now  bo 
shown  by  testimony,  these  must  be  retained,  although  not  on  a  straight 
line — from  A  to  B.  The  township  line  was  not*run  on  a  straight  line 
from  A  and  B.  It  was  run  mile  by  mile,  and  these  mile  points  are  as 
sacred  as  the  points  A  to  B,  (Land  Laws,  vol.  I,  pages  60,  71,  119  and 
120,) 

Therefore,  if  tbe  actual  survey,  as  ascertained  by  (he  monnments,  show 
a  deflected  line,  it  ia  to  be  regarded  as  the  true  one.— Baker  v.  Talbott, 
p  Monroe,  182;  Baster  v.  Evett,  7  Monroe,  333,_ 

Township  corners  are  of  no  greater  authority  In  filing  the  boundary  of 
the  survey  than  the  section  corners,— Wisher t  ii.  Crosby,  1  A.  R.  Marsh, 
383. 

Where  sections  are  bounded  oil  one  side  by  a  township  line,  and  the 
line  cannot  be  ascertained  by  the  calls  of  tbe  plat,  it  seems  quite  clear 
that  if  the  corners  ,of  the  adjacent  section  corners  be  found,  this  is  better 
evidence  to  locate  tbe  township  line  than  a  resort  to  course  merely. — 
1  Greenleaf  Eyidenoe,  p.  369,  sec,  801,  note  2;  1  Richardson,  p.  497. 
Chief  Juitice  CaUm's  Opinion. 

All  agree  (hat  courses,  distances  and  quantities  must  always  yield  to 
tie  monument!  and  marks  erected  or  adopted  by  the  original  surveyor,  as 
indicating  the  lines  ran  by  him.  Those  monuments  are  facts.  Tbe  field 
notea  and  plats,  indicating  courses,  distances  and  quantities,  are  but 
descriptions  which  serve  to  assist  in  ascertaining  those  facts.   Eatablisbed 
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moQumenta  und  marked  treea  not  oqIj  earre  lo  show  the  lines  of  their 
own  tracts,  but  the;  are  also  to  be  resorted  to  in  concecUon  nith  the 
field  notes  and  otlier  evidence,  to  fix  tbe  original  location  of  a  monument 
or  line,  which  has  been  lost  or  obliterated  by  time,  accident  or  design. 

Tlie  original  monuments  at  each  eitretoe  of  thia  line,  that  is,  Ihe  one 
five  miles  east,  and  tlie  other  one  mile  west  of  the  corner,  sought  to  be 
establislieii,  are  identified,  but  unfortunately,  none  of  the  original 
monuments  and  marks,  stiowiog  the  actual  tine  which  was  run  between 
townBhipsf)  andS,  can  be  found;  and  heuce  we  mast  recur  to  these  two,  as 
well  as  other  original  monuments  which  are  established,  in  connection 
with  the  field  notes  and  plats,  to  ascertain  whore  those  monaments  were ; 
far  where  they  were,  there  the  lints  are. 

Much  of  the  folloming  is  from  Putnam's  U.  S.  Digest; 

300*.  A  Buryej  which  starts  from  certain  points  and  lines  not  reoog- 
niied  as  boundaries  by  the  parties  themselves,  and  not  shown  by  the 
STidence  to  be  true  paints  of  departure,  cannot  be  made  the  basis  of  a  judg- 
ment establishing  a  boundary.  12  La.  An.  689  (18.)  See  also  U.S.  Digest, 
Tol.  18,  sec.  33,  Martin  vs.  Bceaui. 

a.  A  party  is  entitled  to  the  lands  actually  apportioned,  and  where 
the  line  marked  out  upon  actual  survey  difi'ers  from  that  laid  in  the  plat, 
the  former  controls  the  latter.     1  Head  (Teon.)  60,  Mayse  vs.  Lafferty. 

b.  Wben  a  deed  refers  to  a  plat  on  record,  the  dimensions  on  the 
plat  must  govoTi ;  and  if  the  dimeoBion  on  the  plat  do  not  come  together, 
then  the  surplus  is  to  be  divided  in  proportion  to  the  dimensions  on  tlie 
plat.     Marsh  vs.  Stephenson,  7  Ohio,  N.  8.  264. 

c.  Courses  and  distances  on  a  plat  referred  to,  are  to  be  considered 
as  if  they  were  recited  in  the  deed.     Blaney  vs.  Bice,  20  Pick.  62. 

d.  Where,  on  the  line  of  the  same  survey  between  remote  corners, 
the  length  varies  from  tbe  length  recorded  or  called  for,  in  re-establishing 
intermediate  monuments,  marking  divisional  tracts,  it  is  to  bo  presumed 
that  the  error  was  distributed  over  the  whole,  and  not  in  any  particular 
division,  and  the  variance  mast  be  distributed  proportionally  among  tb& 
various  subdivisions  of  the  whola  line  according  to  their  respective 
lengths.  2  Iowa  (Clarke)  p.  139,  Moreland  vs.  Page.  Bailey  vs. 
Chamblin,  20  Ind.  33. 

e.  Where  the  same  grantor  conveys  to  two  persons,  to  each  one  a  lot 
of  land,  limiting  each  to  a  certain  number  of  rods  from  opposite  known 
bounds,  running  in  direction  to  meet  if  extended  far  enough,  and  by 
admeasurement  the  lots  do  not  adjoin,  when  it  appears  from  the  same 
deeds  that  it  was  the  intention  they  should,  a  rule  should  be  which  will 
divide  the  surplus  over  the  admeasurement  named  in  the  deeds  ascer- 
tained to  exist  by  actual  measurement  on  the  earth,  between  the  grantees 
in  proportion  to  the  length  of  their  respective  lines  as  stated  in  their 
deeds.  28  Maine  279,  Lincoln  vs.  Edgecomb.  Brown  vs.  Gay,  3 
Greenl.  118.     Wolf  vs.  Scarborough,  2  Ohio  St.  Kep.  363. 

Deficiency  to  be  divided  pro  rata.   Wyatt  vs.  Savage,  11  Maine  431. 

/.  Angel  on  Water  Courses,  sec.  57,  says  of  dividing  the  surplus : 
"  By  this  process  justice  will  be  done,  and  all  interference  of  lines  and 
titles  prevented." 
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No  person  can,  under  different  temperatur 
into  divisions  a,  b,  c  and  d,  anJ  malto  them  exactly  agree ;  but  if  the 
difference  is  diTided,  the  poicts  of  dWision  will  bo  the  eame. 

When  we  compsre  the  distance  on  a  map,  and  find  that  the  paper 
eipanded  or  contracted,  we  hftye  to  allow  a  proportionate  distance  for 
such  TSriance.     (See  Table  II,  p.  165.) 

809b.  The  ajstem  of  dtriding  pro  rata  la  embodied  in  the  Canada 
SarTejors'  Act,  and  quoted  at  sec.  306  of  this  work.  It  is  also  the 
French  system. 

By  the  French  Civil  Code,  Article  646,  all  proprietors  are  obliged  to 
have  theit  lines  establiahed.  In  case  it  may  be  subsequently  found 
that  the  suriey  was  incorrect,  and  tbat  one  bad  too  much,  if  the 
eioess  of  one  would  equal  the  deficit  of  the  other,  then  no  difficulty 
would  oocnr  in  dividing  the  difference. 

If  the  excess  in  one  loan's  part  is  greater  than  the  deficit  in  the  other, 
it  ought  to  be  divided  pro  rata  to  their  respective  quantities,  each  partici- 
pating in  the  gain  as  welt  as  the  loss,  in  proportion  to  their  areas.    This 
is  the  opinion  of  the  most  celebrated  lawyers. 
The  following  is  the  French  ieit 

■<  Le  terrain  eicidant  au  celui  qm  manque  devra  etre  parlnge  entre 
les  parties,  au  pro  rata  de  leur  quantite  respective  en  participant  au 
gain  comme  a  la  perte,  chacun  proportion  a  ell  em  ent  a  leur  contenau^e 
e'ttt  V  avii  deplas  oelebres  jourisponBu!te& 

Adverse  poeaession  or  prencriftive  right,  does  not  interfere  when  the 
encroachment  waa  made  Llande<<linely  or  by  gradual  anticipation  made 
in  cultivating  or  in  mowing  i( 

For  prescriptite  right,  see  Ihe  French  Ciiil  Code,  Arti(,le  2262 , 
^'"jCependant  la  prescription  ne  sera  jamais  invoque  daus  le  cas  ou'  la 
possession  sera  clandestine.    C'est-a-dire  loraqu'  elle  est  le  resultat  d'aae 
anticipation  faite  gradueUement  en  labourant  on  en  fauchant."     Cours 
Complet.   CArpenlage.   Paris,  1854.   Par.  D.  Puille,  p.  250. 

a.  No  one  has  a  right  to  establiah  a  boundary  without  his  contiguous 
owner  being  present,  or  satisfied  with  the  surveyor  employed. 

The  expense  of  survey  is  paid  by  the  adjacent  owners. 

The  loser  in  a  contested  survey  has  to  pay  all  expenses.  In  a  dis' 
puted  surrey,  each  appoints  a  aurveyor,  and  these  two  appoint  a  third. 
If  the;  cannot  agree  on  the  third  man,  the  case  is  taken  before  a  Justice 
of  the  Peace,  who  is  to  appoint  a  third  surveyor. 

The  surveyors  then  read  their  appointments  to  one  another,  and  to 
the  parties  for  whom  the  survey  is  made.  They  examine  the  respec- 
Uve  titles,  original  or  old  boundaries,  if  any  exist,  all  land  marks,  and 
then  proceed  to  make  the  necessary  survey,  and  plant  new  boundaries. 
On  their  plan  and  report,  or  process  verbal,  they  show  all  the  detail 
above  recited,  mark  the  old  boundary  stones  in  black,  and  the  new  ones 

A  atone  is  put  at  every  angle  of  the  field,  and  on  every  line  at 
points  which  are  visible  one  from  another.  The  stones  are  in  some 
places  set  so  as  to  appear  four  to  six  inches  over  ground;  hut  where 
they  would  be  liable  to  be  damaged,  they  are  set  under  the  ground. 
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h.  Boundary  Witnesses.  Under  each  atone  is  loade  a  hole,  filled  with 
Jelf,  alags  of  rroa,  lime  or  brokeo  stonea,  und  on  or  near  Ihis,  is  a  piece 
of  slate  on  which  the  aurvejor  wcitea  with  a  piece  of  brass  some  words 
called  a  mule  viitness. 

WUness.  He  then  sets  the  stone  and  places  four  other  stones  around  it 
corresponding  to  the  cardinal  points.  The  mute  utiiness  or  espression  can 
be  found  after  an  elapse  of  one  hundred  years,  proTided  it  haa  been  kept 
from  the  atmosphere.     Ibid.  p.  252  and  253. 

The  United  States  take  pains  in  establishing  a  ooraer  where  no  wit- 
ness tree  can  be  made.  Under  tbe  stake  or  post  is  placed  charcoal. 
The  mound  and  pits  about  it  are  made  ia  a  particular  manner.  (See 
sec.  281.) 

In  Canada,  if  in  wood  land,  the  aide  lines  from  each  corner  is  marked 
or  blamed  od  both  sides  of  the  line  to  a  distance  uf  four  of  file  chains,  to 
serve  aa  future  witnesses. 

309c.  When  the  number  of  a  lot  on  a  plan  referred  to  in  the  deed,  is 
tbe  onl;  description  of  the  land  coDYeyed,  the  courses,  distances,  and 
other  particulars  in  that  plan,  are  to  have  the  same  effect  as  if  recited  in 
the  deed.     Thomaa  vs.  Fatten,   I  Shep.  829. 

In  ascertaining  a  lost  survey  or  corner,  help  is  to  be  had  by  considering 
the  system  of  survey,  and  the  position  of  those  already  ascertained.  See 
Moreland  vs.  Page,  2  Clarke  (Iowa)  189. 


a.     Filed    monumenta,   control   coun 
(Iowa)  1*3,  Sargent  vs.  Herod, 

its    and   distances.     3    Clarke 

b.     Metis  and  bounds  control  acres  ;  thi 
meles  and  bounds,  which  would  give  an  i 
deed,  the  metea  and  bounds  will  control. 

at  is,  where  a  deed  ia  given  by 
area  diSereat  from  that  in  the 
Daltou  vs.  Bust,  22  Texas  133. 

c.     Metes   and   bounds   must  govern. 
Maxwell. 

I   J.  J.   Marsh,  Wallace  vs. 

d.  Marked  lines  and  corners  control  tbe  courses  and  distances  laid 
down  in  a  plat.     4  McLean  279. 

e.  If  there  are  do  monuments,  courses  and  distances  must  govern. 
U.S.  Dig.,  vol.  1,  sec.  47. 

/-  So  frail  a  witness  as  a  stake  is  scarcely  worthy  to  be  called  a  mono- 
ment,  or  to  control  the  construction  of  a  deed.  Cox  vs.  Freedley,  33 
Penn.  State  R.  124. 

g.  Stakes  an 
as  imaginary  o 

A.  Lines  actually  marked  must  be  adhered  to,  though  they  vary  from 
the  course.     2  Overt.  304,  and  7  Wheat.  7,  MoNairy  vs.  HJghtour. 

>.  It  ia  a  well  settled  rule,  that  where  an  actual  survey  is  made,  and 
monuments  marked  or  erected,  and  a  plan  afterwards  made,  intended  to 
delineate  auoh  survey,  and  there  is  a  variance  between  the  plan  and  aur- 
'ey,  the  survey  muat  govern.     I  Shep.  329,  Thomas  vs.  Patten. 

i'-     The  actaal  survey  designated  by  lines  marked  on  the  ground.  Is 
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tba  true  Bnryej,  and  nill  not  be  affected  by  subsequent  surreys.     7 
WattB91,  Noms  T3.  HamiUoD. 

809i).  In  locating  land,  the  following  ralea  are  resorted  to,  and  gener- 
ally in  tlie  order  stated ; 

1.  Natural  boundaries,  as  rivers. 

2.  Artificial  marks,  as  trees,  buildings. 

3.  Adjacent  boundaries. 
i.     Courses  and  diatanoes. 

Neither  rule  however  occupies  an  inflesible  position,  for  nheu  it  is 
plain  that  there  is  a  mietake,  an  inferior  means  of  location  may  control 
a  higher.     1  Kichardson  4'Jl,  Fulwood  vs.  Graham. 

a.  Description  in  a  boundary  is  to  be  taken  strongly  against  the 
grantor.     8  Connecticut  369,  MarshBll  vs.  NLIes. 

b.  Between,  excludes  the  termini.    1  Mass,  'Jl,  Keese  vs.  Leonard. 

6.  Where  the  boundaries  mentioned  in  a  deed  are  inconsistent  with 
one  another,  those  are  to  be  retained  whioii  best  subserye  the  prevailing 
intention  manifested  on  the  face  of  the  deed,   Ver.  511,  Gates  vs.  Lewis. 

309f,.  The  most  material  and  most  certain  calls  shall  control  those 
that  are  less  certain  and  less  material.  T  Wheat.  7,  Newsom  vs.  Ptjof. 
Thomas  vs.  Godfrey,  3  Gill  &  Johnson  142. 

a.     What  la  most  material  and  certain  controls  what  is  less  material. 


b.     The  least 
yield  to  the  gre  t 
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309f.     Where    th     b       d  fid  fi     1    k  d 

questionable  mm  1  h  gb         tl  1    ta         n 

the    computed         tt  pdtim       mtmt^ 

6  Mass.  131.    2  M         3S)     P  W     d  H  w  B 

a.  A  mistake  o  e  ci  se  doe  o  ra  se  a  p  es  mption  of  a  istake 
in  another  course.     6  Litt.  93,  Bryan  ts,  Beekley. 

b.  When  there  are  no  monuments  and  the  courses  and  distances 
cannot  be  reconciled,  there  is  no  universal  rule  that  require?  one  of 
them  to  yield  to  the  other ;  but  either  may  be  preferred  as  best  com- 
ports with  the  manifest  intent  of  parties,  and  with  the  circumstances  of 
the  case.     U.  S.  Dig.,  toI.  1,  sec.  13. 

e.     The  lines  of  an  elder  survey  prevail  over  that  of  a  junior.     lb.  77. 

d.     Boundaries  may  be  proved  on  hearsay  evidence.     Ibid,  16T. 

t.  The  great  principle  which  runs  through  all  the  rules  of  location 
is,  that  where  you  cannot  give  effect  to  every  part  of  the  description, 
that  which  is  more  fixed  and  certain,  shall  prevail  over  that  which  is 
less.     1  Shobhart  143,  Johnson  vs.  McMillan. 

309a.  A  line  is  to  be  extended  to  reach  a  boundary  in  the  direction 
called  for,  disregarding  the  distance.     U.  S.  Dig.  Yol.  7,  16. 
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a.  Dist^Qces  raay  be  increased  and  sometimes  courseB  departed  from, 
in  order  to  preserve  tiie  bovindnry,  but  ihe  rule  authorises  no  other  de- 
parture from  the  fortoer.     Ibid.  13. 

b.  If  DO  principle  of  location  he  Tiolnted  hj  closing  from  either  of 
two  points,  that  may  be  closed  from  which  will  be  more  against  the 
grantor,  and  enclose  the  greater  quantily  of  land.     Ibid.  see.  14. 

309h.  What  are  boundaries  described  in  a  deed,  is  a  question  of  law, 
the   place  of  bouodariea  is  a  matter  of  fact.     4  Hanks   64,  Doe  tb. 

a.  What  are  the  boundaries  of  a  tract  of  land,  is  a  mere  question 
of  construction,  and  for  the  court ;  but  where  a  line  is,  and  what  are 
facts,  most  be  found  by  a  jury.     13  Ind.  879,  Burnett  ts.  Thompson. 

i.  It  is  not  necessary  to  proTe  a  boundary  hy  a  plat  of  suriey  or 
field  notes,  but  they  may  be  proved  by  a  witness  who  is  acquaioled  with 
the  corners  and  old  lines,  run  and  established  by  the  surveyor,  though 
ie  neier  saw  the  land  surveyed.     17  Miss,  459,  Weaver  vs.  Robinett. 

c.  A  fence  fronting  on  a  highway  for  more  than  twenty  years,  la 
not  to  be  the  true  boundary  thereof  under  Rev,  St.  C.  2,  if  (he  original 
boundary  can  be  made  certain  by  ancient  roonuments,  although  the 
same  are  not  now  in  existence,     1 1  Cusb  (Mass.)  487,  Wood  vs.  QuJncy. 

d.  The  marked  trees,  according  to  which  neighbors  hold  their  distinct 
land  when  proved,  ought  not  to  be  departed  from  though  not  exactly 
agreeing  witii  the  description.  S  Call.  239.  7  Monroe,  333.  Herbert 
vs.  Wise.     Baxter  vs.  Evett.     Rockwell  vs.  Adams. 

e.  Where  a  division  line  between  two  adjoining  tracts  eiists  at  its 
two  extremities,  and  for  the  principal  part  of  the  distance  between  the 
two  tracts,  and  as  such  is  recognized  by  the  parties,  it  will  be  considered 
a  continuous  line,  although  on  a  portion  of  the  distance  there  is  no  im- 
ptovement  or  division  fence.     0  Wendell  467. 

/.  If  the  lines  were  never  marked,  or  were  effaced,  and  their  actual 
position  cannot  be  found,  the  patent  courses  so  far  must  govern.  2 
Dana  2.     1  Bibb.  466.     Dimmet  vs.  Lashhrook.     Lyon  vs.  Ross. 

g.  Or,  if  the  corners  are  given,  a  straight  line  from  corner  to  comer 
must  be  pursued.     Dig.  vol.  1,  see.  33. 

h.     Abuttals  are  not  to  be  disregarded.     Ibid.  vol.  12,  sec.  4, 

809i.  Where  there  is  no  testimony  on  variation,  the  court  ought  not 
to  instruct  on  that  subject.     Wilson  vs.  Inloea,  6  Gil!  121. 

a.  The  beginning  corner  has  no 
no  greater,  dignity  than  any  othe 
Baker. 

6-  Sec.  34.  Where  no  oorner  was  ever  made,  and  no  lines  appear 
running  from  the  other  corners  towards  the  one  desired,  the  place  where 
the  Eoursea  and  distances  will  intersect,  is  the  oorner.  1  Marsh  382. 
4  Monroe  382.      Wishart  ts.  Crosby.     Thornberry  vs.  Churchill. 
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c.  The  land  must  be  bounded  by  courses  and  dietanceB  in  the  deed 
where  there  are  no  monnments,  or  where  they  are  not  distinguishable 
from  other  monuments.     Dig,,  vol.  1,  sec.  47,  48,  49. 

d.  Seienty  aorefl  in  the  S.  TV.  corner  of  a  section,  means  that  it  must 
be  a  square.     2  Ham.  327,  Walsh  re.  Euger. 

309j.     The  plat  is  proper  eTidence.     Dig.,  yol.  1,  sec.  61,  and  Sup. 


1  the  patent  may  be  corrected  by  the  plat  on  record, 
jal  dignity  nitli  the  patent.     Dig.,  vol.  1,  sec.  60. 


800k.  Declaration  by  a  surveyor,  chain  carrier,  or  other  persona 
present  at  a  survey,  of  the  acts  done  by  or  under  the  authority  of  the 
Burreyor,  in  making  the  survey,  if  not  made  after  the  case  has  been 
entered,  and  tbe  person  is  dead,  is  admissible.  U.  S.  Dis.,  vol.  12, 
Boundary,  sec.  10.    See  also  English  Lavr  Reports,  toL  33,  p.  140. 

a.  An  old  map,  thirty  years  amongst  the  records,  but  no  dale,  and 
the  clork,  owing  to  his  old  age,  could  give  no  account  of  it,  map 
admissible.    Gibson  vs.  Poor,  1  Foster  (N.  H.)  240. 

a  deed  may  be  reversed.     4  Dana 


a.  Trace  the  boundary  in  a  direct  line  from  one  monument  to 
another,  whether  the  distance  be  greater  or  less,  41  Maine  601,  Melche 
Ts.  Mejtryman. 

Note.     This  is  the  same  as  the  0,  S.  Act  of  11th  February,  1805. 

6.     NoTthiBard  means  duo  north.     Haines  293,     Dig.,  vol.  1,  sec.  4. 
NoTtheTly  means  north  when  there  is  nothing  to  indicate  the  inclination 
to  the  east  or  west.     1  John  156,  Brandt  vs.  Ogden. 

e.  It  is  a  well  settled  fact,  vihere  a  line  is  described  as  running 
towards  one  of  the  cardinal  points,  it  must  run  directly  in  that  course, 
unleaa  it  is  controlled  by  some  object.   8  Porter  9,  Hogan  vs.  Campbell. 

e.  A  survey  made  by  an  owner  for  his  own  convenience,  is  not 
admissible  evidence  for  him  or  those  claiming  under  him.  1  Dev.  223, 
Jones  vs.  Huggins. 

309m.  Parties,  to  establish  a  conventional  honndary,  must  themselves 
have  good  title,  or  the  subsequent  owners  are  not  bound  by  it.  1  SneedB 
(Tenn.)  68,  Rogers  vs.  White. 

a.  Parties  are  not  bound  by  a  consent  to  boundaries  which  have  been 
fixed  under  an  evident  error,  unless,  perhaps,  by  the  prescription  of 
thirty  years.     12  La.  An.  730,  Gray  vs.  Cawvillon. 

b.  The  admission  bj  a  party  of  s  mistaken  boundary  tine  for  a  true 
one,  has  no  effect  upon  his  title,  unless  occupied  by  one  or  both  foe 
fifteen  years.     10  Vermont  33,  Crowell  vs.  Bebeo. 
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c.  A  hasty  recognition  of  a  line,  does  not  estop  the  owner.  Oierton 
Ts.  CinnoQ,  2  Humph.  264. 

d.  In  a  cliTiaion  of  land  between  two  parties,  if  either  waa  deceived 
by  the  innocent  or  fraudalent  misrepresentation  of  the  other,  or  there 
was  any  mistake  in  regard  to  their  right,  the  division  is  not  binding 
on  either.     14  Georgia  384,  Bailey  tb.  Jones. 

e.  A  division  line  mistakenly  located  and  agreed  on  by  adjoining 
proprietors,  will  not  be  held  binding  and  conclusive  on  them,  if  no  in- 
justice would  be  done  by  disregarding  it.  U.  S,  Digest,  vol.  18,  sec.  32. 
See,  alao,  29  N.  If.  392,  Coon  va.  Smith.     English  Reports  42,  p.  307, 

/.  A  mistaken  location  of  the  line  between  the  owners  of  oontiguoas 
lots  ifi  not  conclusive  between  the  immediate  parties  to  auch  location,  but 
may  be  corrected.     App.  412,  Colby  vs.  Norton. 

g.  If  S  aortejs  for  A,  A  is  not  estopped  from  claiming  to  the  true 
line.     9  Yerg.  455,  Gilchrist  vs.  McGee. 
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h.  Adjacent  owners  Gsed  stakes  to  indicate  tie  boundary  of  water 
lots.  One  fiUed  the  part  he  supposed  to  belong  to  him;  the  other,  being 
eogniiant  of  the  progress  of  the  work,  held  that  the  other  and  his 
grantees  were  estopped  to  dispute  the  boundary.  32  Barb.  (N.  Y.)  847, 
Laverty  vs.  Moore. 

c.  To  establish  a  consentable  line  between  owners  of  adjoining  tracts, 
knowledge  of,  and  assent  to  the  line  as  marked,  must  be  shown  in 
both  parlies.     4  Barr.  234,  Adamson  vs.  Potts. 

d.  When  two  parties  own  equal  parts  of  a  lot  of  land,  in  severalty, 
but  not  divided  by  any  visible  monuments,  if  both  are  in  possession  of  their 
respective  parts  for  fifteen  years,  acquiescence  in  an  imaginary  line  of 
division  during  that  time,  that  line  la  thereby  established  as  a  divisional 
line.     9  Veruon  352,  Beecher  va,  Parmalee. 

e.  Sec.  29.  Where  parties  have,  without  agreement,  and  ignorant  of 
their  right,  occupied  up  to  a  division  line,  they  may  change  it  on  dis- 
covering their  mistake.     Wright  576,  Avery  va.  Baum. 

/.  Where  A  and  B  and  their  hired  man  built  a  fence  without  a  com- 
pass, and  acquiesced  in  the  fence  for  fifteen  years,  it  was  held  to  be  the 
true  line  in  Vermont.     18  Verm.  305,  Ackley  vs.  Nuck. 
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g.   Quantity  generally  cannot  control  a  location.   Dig.  Tol.  10,  sec.  49. 

h.     LoDg  and  notorious  possession  infer  legal  posseasion.    Kewoom 
vs.  Leary,  8  Iredell  49. 

t.     A  hasty,  ill-adTised  recognition  is  not  binding.     Norton  ye.  Can- 
non, Dig.,  Yol.  1,  sec.  73. 

J.     Ihe  line  of  division  must  be  marked  on  the  ground,  to  bring  it 
witliii)  the  bounds  of  a  closed  survey.     Ibid.  sec.  lOG. 

k.     Bounded  by   a  icater  coarse,   according  to  English  and  American 
ans  to  the  centre   of  the  stream.     (See  Angel  on   Water 


I.  East  and  north  of  a  certain  stream  includes  to  the  thread  thereof. 
Palmer  va.  Mulligan,  8  Cainea  (N.  V.)  319. 

Di.  Bank  and  viater  are  correlative,  therefore,  to  a  monumeDt  standing 
on  the  bank  of  a  river,  and  running  by  or  along  it,  or  along  the  shore, 
includes  to  the  centre.     20  Wend.  (N.Y.)  149.    12  John.  (N.Y.)  252. 

n.  Where  a  map  shows  the  lots  bounded  by  a  water  course,  the  lota 
go  to  the  centre  of  tbe  river.     Newsom  va.  Pryor,  7  Wheat.  (U.  S.)  7. 

0.  To  tbe  bank  of  a  stream,  Includes  tlic  stream  itself.  Hatch  vs. 
Dwight,  17  Mass.  299. 

p.     Up  a  creek,  means  to  the  middle  thereof.     12  John.  252. 

q.  Where  there  are  no  controlling  words  in  a  deed,  the  bounds  go  to 
the  centre  of  the  stream.  Herring  vs.  Fisher,  1  Sand.  Sup.  Co.  (N.T.) 
344. 

r.  Land  bouniied  by  a  river,  not  navigable,  goes  to  the  centre,  unless 
otherwise  reserved.  Kicholas  vs.  Siencocka,  31  N.  H.  345.  9  Cushing 
492.  3Kernan(N.y.)296.  18  Barb.  (N.  Y.)  14.  McCnllough  vs.  Wall, 
4  Rich.  08.  Norris  vs.  Hill,  1  Mann.  (Mich.)  202.  Caaal  Trustees  vs. 
Httvern,  6  Oilman  548.  Hammond  vs.  McLaughlin,  1  Sandford  Sup. 
Ct.  R.  323.  Orindorf  vs.  Steel,  2  Barb.  Sup.  Ct.  R.  126  8  Scam.  111. 
610.  State  vs.  Gilmanton,  9  N,  Hamp.  461.  Luce  vs.  Cartey,  24  Wend. 
541.     Thomas  va.  Hatch,  3  Sumner  170. 

1.  On,  to,  by  a  bank  or  margin,  cannot  include  the  stream.  6  Cow. 
(K.  T.)  549. 

t  A  water  course  may  sometimes  become  dry.  Oavett's  Administra- 
tors vs.  Chamber,  3  Ohio  495.  This  contains  important  reasons  for 
going  to  the  centre  of  the  stream. 

u.   Along  the  bank,  excludes  the  stream.     Child  vs.  Starr,  4  Hill  369. 

D.  A  corner  standing  on  tbe  bank  of  a  creek;  thence  down  the 
creek,  etc.  Boandary  is  tbe  water's  edge.  McCulloch  vs.  Allen,  2 
Hamp.  309,  also  Weakley  vs.  Legrand,  1  Overt.  200. 

tn.  To  a  creek,  and  down  the  creek,  with  the  meanders,  does  not 
convey  the  channel.  Sanders  vs.  Kenney,  J,  J.  Marsh  137.  (See  next 
pftge,  which  has  been  printed  sometime  in  advance  of  this.) 
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.8  and  marked  trees  not  onljr  serTe  to  show  irith  certsint}'  th« 
lines  i>f  [beir  ona  tracts,  but  they  are  also  to  be  resorted  to  in  connection 
witb  the  field  notes  and  other  eTidence  to  fii  the  original  location  of  a 
monumeot  or  line  which  has  been  lost,  or  obliterated  b;  time,  accident, 
or  design. 

The  original  monuments  at  each  eitreme  of  Ibis  line— that  is,  the  odo 
five  miles  east,  and  the  other  one  mile  west  of  the  corner— sought  to  be 
established,  are  identified  ;  but,  un fortunately,  none  oi  the  original  monu- 
menta  and  marks,  shoning  the  actual  line  which  was  run  between  town- 
ehlps  5  and  6,  can  be  found,  and  hence  we'niuat  recur  to  these  two,  as 
well  as  other  original  monuments,  which  e 
witJi  the  field  Doles  and  plats,  l«  ascertain  where  those  m 
/or  v/hert  they  were,  there  the  lines  are. 


a09a.  Eminent  domain  is  the  right  retained  by  the  government  oyer  Iho 
estates  of  owners,  and  the  power  to  take  any  part  of  them  for  the  public 
use.  First  paying  the  value  of  the  property  so  taken,  or  the  damages 
auslained  to  their  respective  owners.   3  Paige,  N,  Y.  Clianeery  Rep.  45. 

The  British  Crown  has  the  right  of  eminent  domain  oyer  tidal  rivers 
and  navigable  waters,  in  her  American  colonies.  Each  of  the  United 
States  have  the  same.  See  Pollard  v.  Hogan,  3  Howe,  Kep.  223;  Oood- 
Utlev.  Kibbe,  9  Howe  Rep.  117;  Stradar  v.  Graham,  10  Howe  Rep.  96; 
Doe  T.  Beebe,  13  Howe  Rep.  25.  From  these  appear  that  the  State  has 
juriadiction  over  navigable  waters,  provided  it  does  not  conflict  wilh  any 
provision  of  the  general  government.  The  Consiitution  of  the  U.  Stales 
reserves  the  power  to  regulate  commerce — which  jurists  admit  lo  ioclude 
the  right  to  regulate  cavigation,  and  foreign  and  domi 
navigable  waters.  On  those  waters  the  general  government  ei 
power  to  license  vessels,  and  eslablish  ports  of  entry,  consequently  it  can 
prevent  the  CDDStructioa  of  any  material  obstruction  to  □avigation,  and 
declare  what  rules  and  regulations  are  required  of  vessels  Davigating 

pTtscriplive  right  must  set  forth  that  the  occupier  or  person  claiming 
any  easement,  has  been  in  an  open,  peaceable  and  uninterrupted  possession 
of  that  wbicli  is  claimed,  during  the  time  prescribed  by  the  statute  of 
limitation  of  the   country,  or  state  in  which  the  easement  is  situated. 

Jn   England,  the  prescribed   time  is  20  years.     Balslon  v.  Bensted, 

1  Campbell  Rep.,  4K3;  Bealey  v.  Shaw,  6  East.  Rep.  215. 

In  the  Uiated  States  the  tiiae  is  difi'erent— in  New  Hampshire,  20  ; 
Vermont  and  Connecticut,  15;  and  South  Carolina,  5  years. 

Water  CoiiTst,  is  a  body  of  water  flowing  towards  the  sea  or  lake,  and 
is  either  private  or  public.     It  consists  of  bed,  bank  and  water. 

Public  water  course,  is  a  navigable  stream  formed  by  nature,  or  mode 
and  dedicated  to  the-  public  as  such  by  artificial  means.  Navigable 
streams  may  become  sometimes  dry. 

A  aiream  which  can  be  used  to  transport  goods  in  a  boat,  or  float  rafts 
of  timber  or  saw  logs,  is  deemed  a  navigable  stream,  and  becomes  a  pub- 
lic highway.  But  a  stream  made  navigable  by  the  owners,  and  not  dedi- 
cated to  the  public,  is  a  private  water  course.     See  Wadsworlh  f.  Smith, 

2  Fairfield,  Maine  Rep.  37B. 

12 


y  Google 


72b2 

The  owners  of  the  adjoining  lands  b&ye  a  Utle  to  the  bed  of  the  rlTer ; 
caoh  proprietor  going  to  the  centre,  or  thread  thereof,  irhen  the  river  ig 
made  the  boDodar;. 

Should  the  river  become  permaneatly  dry  od  account  of  being  turned 
off  Id  some  other  directioQ ;  or  other  cause,  then  the  adjoining  riparian 
owners  claim  to  the  centre  of  the  bed  of  the  stream,  the  lame  as  i/ii  ictre 
a  ptibhc  highipaii 

Bounded  by  a  water  course — signifies  that  the  boundary  goes  to  the 
centre  of  the  nver  MorrTBoo  y  Keen,  3  Greenleaf,  Maine  Rep  474  ; 
1  Raadolph,  Va  ,  Rep  4J0  Waterman  v.  Jobnsou,  3  Pickering,  Mass. 
R.,  261  ,  Star  v   Child,  20  Wendell,  N.  Y.  Rep  ,  14" 

To  a  iieamp,  means  to  tbe  middle  of  the  stream  or  creek  ualeea  do- 
scribed  to  the  edge  of  the  Bwatnp.  Tilder  t  Bonnet,  2  McMull  South 
Carolina  Report,  44. 

Any  unreaaonable  or  material  impediment  to  navigation  placed  u>  a 
navigable  stream,  is  a  public  nuisance.  12  Peters  V  S  Rep  91  The 
legislature  cannot  grant  leave  to  build  an  obstruction  to  navigation. 
6  Ohio  Rep.,  410. 

A  tcinler  iwnjion  the  ice,  dedicated  to  the  pablii,  for  20  years,  becomes  a 
highway,  and  cannot  be  obfltructed.     6  Shepley,  Maine  Rep  ,  458 

The  legislature  cannot  declare  a  river  navigable  which  la  not  really  so, 
unless  they  pay  the  riparian  owners  for  all  damages  sustained  by  them. 
16  Ohio  Rep.  540. 

Rivtrt  in  which  the  tide  ebbs  and  flows  are  public,  both  their  water  and 
bed  as  far  as  the  water  is  found  to  be  afi'ected  by  local  influences,  but 
above  this,  the  riparian  owners  own  to  the  centre  of  the  river,  and  have  tha 
exclusive  right  of  flshing,  etc.,  the  public  having  the  right  of  highway. 
See  26  Wendell,  N.  Y.  Rep.  404, 

Banks  of  a  navigable  river  are  uot  public  highways,  unless  so  dedicated, 
as  the  banks  of  the  Mississippi,  in  Illinois  and  Tennessee,  and  tbc  rivers 
of  Missouri  for  a  reasonable  time.  See  4  Missouri  Rep.  343  ;  3  Scam- 
mon  610. 

This  last  decision  hod  reference  to  a  place  in  an  nnbroken  forest, 
where  it  was  admitted  that  the  navigators  had  a  right  to  land  and  fasten 
to  the  shore.  It  would  be  unfair  to  give  a  captain  and  crew  of  any  vessel 
the  right  to  land  on  a  man's  wliarf,  or  in  bis  enclosure  without  his  per- 
mission ;  therefore,  it  would  appear  "  that  the  public  have  the  privilege 
to  come  upon  the  river  bank  so  long  as  it  is  vacant,  although  the  owner 
may  at  any  time  occupy  it,  and  exclude  all  mankind."  Austin  v.  Car- 
ter, 1  Mass.  Rep.  231. 

Obslracting  navigation  by  building  bridges  without  an  act  of  the  legisla- 
ture, sinking  impediments  or  throwing  out  filth,  which  would  endanger  the 
health  of  those  navigating  the  river,  is  a  nuisance.  See  Russel  on  Crimes 
485.  Although  an  obstruction  may  be  built  under  an  act  of  the  legisla- 
ture in  navigable  waters,  he  who  maintains  it  there,  is  liable  for  any 
damage  sustained  by  any  vessel  or  navigator  navigating  therein.  4 
Watts,  Pennsylvania  Rep.  437. 

Bridget  can  be  buill  over  navigable  n 
legislature.  Commonwealth  v.  Breed 
Strong  T.  Dunlap,  10  Humphrey,  Tenn.  R.  428.     See  Angel  on  Highways, 
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The  8ta,te  of  Virginia,  authorized  a  compan;  to  build  a  bridge  at 
Wheeling,  across  the  eastern  channel  of  the  Ohio  river,  it  was  suBpended 
BO  low  aa  to  obstruct  materiall;  the  navigation  thereof.  The  Superior 
Court  ordered  its  removal,  but  gave  them  a  limited  time  to  remove  it  to  the 
other  cbanael,  where  the  compao;  proposed  to  have  EufGcieat  depth  of 
water  and  a,  drawbridge  of  200  feet  wide.  The  Court  did  not  consider 
the  additional  length  of  channel  nor  the  Qeceseary  time  in  opening  the 
draw  a  material  impediment.  Subsequently  an  act  of  Coogreas  declared 
the  first  bridge  built  on  the  eastern  ohanne]  not  to  be  a  material  or  unrta- 
aonable  obslruction,  and  ordered  that  captains  and  crews  of  vessels  naviga- 
tiDg  on  the  river  should  govern  themaelves  accordingly  by  lowering  their 
chiraneya,  etc.     13  Howe  Rep.  518;  18  Howe  Rep.  421. 

If  a  bridge  is  built  across  a  river  in  a  reaBonnble  situation,  leaving 
sufficient  space  for  vessels  to  pass  through,  and  causing,  no  unreasonable 
delay  or  obatruclion,  and  is  built  for  the  public  good,  it  is  not  deemed  a 
nuisance.     Rei  v.  Ruagel,  6  Barn,  and  Creaw.  566;  15  Wendell,  133. 

For  further,  see  Judge  Caton'a  decision  in  the  Rock  Island  Bridge  case, 
delivered  in  1862. 

Canals.  If  after  being  built,  a  new  road  Is  made  over  it,  the  canal 
company  is  not  obliged  to  erect  a  bridge.  Morria  Canal  t.  State,  4  Zab- 
riskie,N.  V.  Rep.  G2, 

In  America,  when  two  boats  meet,  each  turns  to  the  right.  Tliey  carry 
lights  at  the  bow.  Freight  boala  must  give  away  to  packet  or  passenger 
boats.     Farnsworth  v.  Groot,  G  Cowen.  N.  Y.  Eep.  698. 

In  Pennsylvania,  the  descending  boat  has  preference  to  the  ascending. 
Act  of  Pennsylvania,  April  10,  1826. 

Ftrria.  The  owner  of  a  public  ferry  ought  to  own  the  land  on  both 
sides  of  the  river.  Savilt  11  pi.  29.  A  ferry  cannot  lacd  at  tbe  terminus 
of  a  pnblic  highway,  without  the  consent  of  the  riparian  owners.  Cham- 
bers V.  Ferry,  1  Yeates.  A  uae  of  twenty  years,  does  not  confer  the 
right  to  land  on  the  opposite  side  without  the  consent  of  the  adjacent 

If  A  erects  a  dam  or  ditch  on  his  own  land,  provided  it  does  not  over- 
flow the  land  of  his  neighbor  B,  or  diverts  the  water  from  him,  he  is 
justified  in  so  doing.  Colborne  v,  Richards.  13  Mass.  Rep.  420.  But  if 
A  injures  B,  by  diverting  the  water  or  overflowing  his  land,  B  ia  empow- 
ered to  enter  on  A's  land  and  remove  the  obstructions  when  finished,  butr 
not  during  the  progress  of  the  work,  doing  no  unnecessary  damage,  or 
causing  no  riot.  In  this  case,  B  cannot  recover  damages  for  expense  of 
removal,  etc.  If  B  enters  auit  against  A,  he  recovers  damages,  and 
the  nuisance  is  abated.  Gleason  v.  Qary,  4  Conneotieut  Rep.  418 ;  3 
Blackatone  Comm.  9  Mass.  Rep.,  216;  2  Dana,  Kentucky  Rep.  158. 

If  B,  C  and  D,  as  separate  owners,  cause  a  nuisance  on  A's  property,  A 
can  sue  either  of  the  offending  party,  and  tbe  non-joinder  of  the  othert 
cannot  be  pleaded  in  abatement.     1  Chitty'a  Pleadings,  75. 

The  tenant  may  sue  for  a  nuisance,  even  though  it  be  of  a  temporkr; 
nature.    'Angel  on  Water  Courses,  chap.  10,  sec.  398. 

The  reversioners  may  also  have  an  action  where  the  Duisance  is  of  t, 
permanent  one.     Ibid. 

If  A  and  B  own  land  on  tbe  same  river,  one  above  tbe  other,  one  of 
them  cannot  erect  a  dam  which  would  prevent  the  passage  of  fiah  to  tbe 
Other.     Weld  v.  Hornby,  7  Bast.  R,  196;  5  Pickering,  Mats.  Eep.  199. 
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One  riparisD  dwdbf  casQot  divert  noj  part  of  the  water  dividing  their 
estate,  witbout  the  consent  of  the  other ;  as  ench  has  a,  right  tu  the  ubb 
of  the  whole  of  the  Btrenm.     13  Johnson,  N.  Y.  Eep.  212. 

It  is  not  lawful  for  one  riparian  owner  to  erect  a  dam  so  aa  to  divert 
Ihe  water  ia  another  direction,  to  the  injury  of  any  other  owner. 
3  ScamDiOD,  Illinois  Rep.  402. 

Where  wills  are  situate  on  botli  bncliB  of  a  river,  each  having  an 
equal  right ;  one  of  them,  in  dry  weather,  is  not  allowed  to  uge  more  than 
his  share  of  the  water.     See  Angel  on  Water  Courses,  chap.  4.  p.  106. 

One  milt  cannot  detain  the  water  frcoi  another  loner  down  the  stream, 
nor  lesseo  the  supply  in  a  given  time,     13  Connecticut  Rep.  308, 

One  riparian  owner  cannot  overScw  land  above  or  below  him  by  means 
of  a  dam  or  sluices,  etc.,  or  by  retaining  water  for  a  time,  and  then  let- 
ting it  escape  suddenly.  See  T  Pickering,  Massachusetts  Rep.  76,  and 
17  Johnson,  N.  Y,  Rep.  306. 

Hence  appears  the  legality  of  constructing  worlis  to  protect  an 
owner's  land  from  being  overflowed.  Such  worit  may  be  dams  or  drains 
leading  to  the  nearest  natural  outfall ;  for  it  is  evident,  that  if  by  moiling 
a  drain,  ditch  or  canal,  to  carry  o£F  any  overflow  to  the  nearest  outlet, 
such  proceedings  would  be  legal,  and  the  party  causing  tlie  overflow 
would  have  no  cause  of  compldnt.  Merrill  t,  Parker  Coxe,  New  Jersey 
Rep.  460. 

For  t!it  purpose  of  Irrigation,  A  man  cannot  materially  diminish  the 
water  that  would  naturally  flow  in  a  water  course.  Hail  v.  Swift,  6  Scott 
R.  167.  He  may  nse  it  for  motive  power,  the  hsc  of  bis  family,  and 
watering  his  cattle;  also  for  the  purpose  of  irrigating  his  land,  provided 
it  does  not  injure  his  neighbors  or  deprive  a  mill  of  the  use  of  the  water. 
That  whioh  is  made  to  pass  over  hia  land  for  irrigation  if  not  absorbed 
by  the  soil,  is  to  be  returned  to  its  natural  bed.  Arnold  v.  Foot,  12 
Wendell,  N.  Y.  Kep.  330;  Anthony  v.  Lapham,  5  Pickering,  Mass. 
Rep.  175. 

A  riparian  owner  has  no  right  to  build  any  work  whioh  would  in  ordi- 
nary flood  cause  his  neighbor's  land  to  be  overflowed,  even  if  such  was  to 
protect  hia  own  property  from  being  destroyed.  Augel  on  Water  Courses, 
chap.  9,  p.  334. 

In  several  countriea,  the  taw  aothoriies  A  to  construol  a  drain  or  ditch 
from  the  nearest  outlet  of  the  overflow  on  his  land,  along  the  lowest  level 
through  his  neighbor's  land,  to  the  nearest  outfall.  This  is  the  law  in 
Canada.     Callis  on  Sewers,  136. 

If  A  raises  an  obstruction  by  whioh  B's  mill  grinds  slower  than  before, 
A  is  liable  to  action.  7  Con.  N.  Y,  Bep.  266,  and  1  Rawle,  Penn,  Rep. 
218. 

Back  water.  No  person  without  a  grant  or  license  is  allowed  to  raise 
the  water  higher  than  where  it  is  in  its  natural  iftate,  or,  unless  the  so 
doing  has  been  uii interruptedly  done  for  twenty  years,  Regina  v.  North 
Midland  Railway  Company,  Railway  Cases,  vol.  2,  part  I.  p.  1. 

No  one  can  raise  the  level  of  the  water  where  it  enters  his  land,  nor 
lower  it  where  it  leaves  it.     Hill  v.  Ward,  2  dill.  lU.  Bep.  285.  * 
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Let  vi  t^  datum  line,  p&rnllel  to  tbe  horizon  ;  f  b,  g  m,  h  d  and  1 1  tie 
respective  heights  above  datam.  Let  from  a  to  i  belong  to  A,  b  ta  d 
belong  to  B,  and  d  to  s  belong  to  C.  B  found  that  od  his  land  he  had  10 
feet  of  a  fnU  from  d  to  n,  ami  the  same  from  n  to  /.  He  built  a  dnm  = 
c  m,  mitking  the  surface  of  tbe  water  at  x  the  same  height  aa  tbe  point  d, 
and  claimed  .that  he  did  no  injury  to  the  owner  C.  If  C  had  a  peg  or 
refei^nce  mark  at  d,  before  B  raised  big  dam,  he  ooulJ  prove  that  B 
cnueed  back  water  on  him.  When  this  is  not  the  ciiae,  recourse  must  be 
bad  to  the  laws  of  hydraulics.  Mr.  Neville,  County  Surveyor  of  Louth, 
Ireland,  !□  his  Hydraulics,  p.  110,  shows  that  (practionllyj  in  a  uniform 
channel,  when  the  surface  of  the  water  on  the  top  or  crest  of  the  dnm  is 
en  the  same  level  with  d,  the  a-aler  leili  back  tip  to  j>,  making  x  p  =  1,5 
to  1.9  times  I  rf. 

The  latter  is  that  given  by  Du  Buat,  and  generally  nsed.  See  Ency- 
clopedia Britannica,  vol.  19.  The  former,  1.5,  by  Funk.  SeeD'Aubuison'a 
Hydraulics  by  BeuneH,  sec.  ICT. 

When  the  channel  is  uniform,  (be  surface  x  o  p  is  nearly  that  of  n 
hyperbola,  whose  nssymptote  is  the  nalnrol  surface;  consequently,  the 
dam  would  take  effect  on  the  whole  length  of  the  channel.  All  agree 
thnt  the  effect  will  be  insensible,  when  the  distance,  x  p,  from  the  dam  is 
more  than  1,9  times  the  distance  x  d.  Let  x  be  the  point  beliind  Che  dnm 
where  the  water  is  apparently  still,  then  m  n  is  half  the  height  of  i  above 
m,  as  the  water,  in  falling  from  x,  assumes  the  hydraulic  curve,  which 
ia  practically  that  of  a  parabola.  As  we  know  the  quantity  of  water 
passing  over  in  a  given  time,  and  the  length  of  the  dam,  we  can  find  the 
height  m  n,  twice  of  which  added  to  c  m  gives  the  height  of  x  above  o. 
Let  this  height  of  I  above  c  =  H.  Find  where  the  same  level  through  i, 
will  meet  tbe  natural  surface  as  at  d,  then  measure  dp  =  nine-tenths 
of  d  X,  the  point  p  will  be  the  practical  limit  of  back  wnter,  or  remnut. 
tTHSin  this  limit  we  are  to  confine  our  inquiries,  aa  to  whelker  B  hat  trea- 
panid  on  C,  aid  if  the  dam  jcill  cuuie  greater  damage  in  time  of  high  leater 
than  lehta  at  Us  ordinary  atage.  For  further,  see  sections  on  Hydraulics. 
OtontTs  of  Islands,  own  to  the  thread  of  the  river  on  each  side.  Hendrick 
V-  Johnson,  6  Porter,  Alabama  Hep.  472.  The  main  branch  or  channel 
la  the  boundary,  if  nothing  to  the  contrary  is  espressed.  Doddridge  v. 
Thompson,  S  Wheal,  U.  S.  Report,  470.  Above  the  margin  goes  to  the 
eentre.     K.  Y.  Bep.  6  Cow.  518. 
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Natural  and  permanent  objeeti  are  preferred  to  courses  and  diBtances. 
Hurley  T.  Morgan,  1  Devereaux  and  Bat.  N,  Csrolina  Report,  425. 

Boundary  may  begin  at  a  post  or  stake  on  the  land,  by  tbe  river,  then 
ruD  on  a  given  course,  a  certFiia  distance  to  a  stake  standing  on  tlie  bank 
of  tbe  river,  and  so  along  the  river.'  The  law  holds  that  the  centre  of  the 
river  or  vFater  course,  is  the  boundary.  6  New  Hampshire  Rep.  520 ;  see 
alao  Lowell  vs.  Eobinson,  4  Maine  Rep.  357. 

A  grant  of  land  extending  a  given  distance  from  it  river,  must  be  laid 
off  by  lines  equidistant  from  the  nearest  points  on  the  river.  Therefore  a 
survey  of  the  bank  of  the  river  is  made,  and  t^e  rear  line  run  parallel 
to  this  at  the  given  distance.     Williams  v.  Jackson,  N.  Y.  Rop.  489. 


S09b.  Land  conveyed  on  a  lake,  if  it  ts  a  natural  one,  extends  only  to  the 
margin  of  the  lake.  But  if  the  lake  or  pond  is  farmed  by  a  dam,  backing 
ap  the  water  of  a  stream  in  a  natural  valley,  then  the  grant  goes  to  the 
centre  of  the  stream  in  Us  natural  slate.  State  v.  Gilmanton,  9  N.  Hamp- 
shire R.  461. 

The  beds  of  lakes,  or  inland  seaa  with  the  islands,  belong  to  the  public. 
The  riparian  owners  may  claim  to  low  water  mark.  Land  Commissioners 
v.  People,  5  Wend,  N.  Y.  R.  423.  Where  a  pond  has  been  made  by  a 
dam  across  a  stream,  evidence  must  be  had  by  parol,  or  from  maps 
showiog  where  the  centre  of  the  river  was  ;  for  if  the  land  was  higher  on 
one  side  than  on  the  other,  the  thread  of  the  original  stream  would  be 
found  nearer  to  the  high  ground. 

Island  in  the  middle  of  a  stream  not  navigable,  ia  divided  between  the 
riparian  owners,  in  proportion  to  the  fronts  on  the  river.  2  Blackstone, 
1.  But  if  the  island  is  not  in  the  middle,  then  the  dividing  line  through 
it,  is  by  lines  drawn  in  proportion  to  the  respective  distances  from  the 
adjacent  shores.  13  Wendell,  N.  Y.  Rep.  255.  If  no  part  of  the  island 
is  OQ  one  side  of  the  middle  of  the  river,  then  the  whole  of  the  island 
belongs  to  Ihe  riparian  owners  nearest  to  the  island.  See  Cooper,  Justice, 
lib.  2,  t.  3,  and  Civil  Code  of  Louisiana,  art,  505  to  507. 

An  iiland  between  an  island  and  the  shore,  is  divided  as  if  Ihe  island 
was  main  land,  for  if  it  be  nearer  the  main  land  than  the  island,  it  1^ 
divided  in  proportion  as  above,     Fleta,  lib.  3,  c,  ii,  J  8. 

Where  there  are  channels  surrounding  one  Or  more  islands,  one  has  no 
right  to  place  dams  or  other  obstructions,  by  which  the  water  of  on» 
channel  may  be  diverted  into  another.     10  Wendell,  N,  Y.  Rep.  260. 

Jf  a  river  or  water  course  divides  itself  into  channels,  and  cuts  through 
a  man's  land,  forming  an  island,  the  owner  of  the  land  thus  encircled  by 
water  can  claim  his  land.     5  Cowen,  216. 


809o.  Accretion  or  alluvion  is  where  land  is  formed  by  the  accumul 
of  sand  or  other  deposits  on  the  shore  of  the  sea,  lake  or  river, 
accretions  being  gradual  or  Imperceptibly  formed,  so  that  no  one  ei 
an  show  how  tDuch  has  been  added  to  the  adjacent  land  in  a  given 
the  adjacent  owner  is  entitled  to  the  accretion.  2  Blackstone  Com, 
See  also  Cooper  Justice,  lib.  2,  tit.  1, 
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In  subdiyiding  an  accretion,  find  the  original  front  of  each  of  the  ad- 
jncenf    lots,  between    the  respeotiTe   side   linas  of   the    estates ;    then 

aro  Tata,  then  drajr  linea  from  point  to  point,  as  on  the  nnneied  diagram. 


The  meandered  lines  are  taien  from  lorner  to  corner  of  each  lot, 
wilhoitt  regard  to  the  sinuosities  of  the  ehore  as  b  i. 

It  is  sometimes  difficult  t^  determine  the  position  of  the  lines  c  d  and 
a  b.  As  some  ma;  contend  that  A  c  produced  in  a  straight  line  ta  the 
water,  nould  determine  the  point  d,  also  B  a  produced,  would  determine 
h,  from  the  above  diagram  appears  that  bj  producing  B  a  to  the  water, 
it  would  intersect  near  i,  thus  cutting  off  one  owner  from  a  part  of  the 
accretion,  and  entirely  from  the  water. 

The  plan  adopted  in  the  States  of  Maine  and  Massachusetts,  in  deter- 
mining b  and  d,  is  as  follows ;  From  a  draw  a  perpendioalar  to  B  o,  and 
find  its  intersection  on  the  water's  edge,  and  call  it  Q.  From  a  with  a  h 
as  base,  draw  a  perpendicular,  and  find  its  intersection  on  the  nater'a 
edge,  and  call  it  P.  Bisect  the  distance  r  Q  in  the  point  r,  then  the 
line  a  t,  detfirmines  the  point  b.  In  like  manner  we  determine  the  point 
d.     Having  b  and  d,  we  find  i,  k,  etc.,  as  abore. 

In  Maine  and  Massachusetts  the  point  i.  k,  I  and  m  are  found  as  we 
have  found  b  and  d,  erecting  two  perpendiculars  from  each  abuttal,  on 
the  main  land,  one  from  each  adjacent  line  and  bisecting  their  distance 
apart  for  a,  new  abuttal.  6  Piokering,  Masa.  Rep.  158 ;  9  Greenleaf, 
Maine  Rep.  44. 

When  A  c  and  B  a  are  township  lines,  as  in  the  Western  States,  they 
are  run  due  East  and  West,  or  North  and  South.  In  this  case,  d  and  b 
would  be  found  bj  producing  A  c  and  B  a  due  East  and  West,  or  North 
and  South,  as  the  case  may  be.  Now,  let  B  o  c  be  the  original  shore, 
and  d,  b,  n,  a  and  B  the  presen(  shore,  making  c,  x,  n,  4  the  accretion 
or  alluvion.  It  ia  evident  that  it  would  be  incorrect  to  divide  the  space 
",  n,  b,  d,  between  the  riparian  owners,  tliat  onlj  b  d  should  be  so 
divided.  When  A  c  and  B  o  are  township  linea  run  East  and  West,  or 
North  and  South,  as  in  the  Western  States,  Ihej  are  run  on  their  true 
coursesto  the  water's  edge,  intersecting  at  the  points  d  and  *.  Here  it 
woaid  be  plaio  that  the  apace  b  rf  should  be  divided  in  proportion  t«  the 
fronts  c  t,  ef,  etc.,  by  the  above  method. 
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We  do  not  know  a  oaso  in  Wisconsin  or  lUiDois,  wliere  a  Burvejor 
has  adopted  this  method.  Tbej  run  llieir  lines  at  right  angles  to  the  adja- 
oenl  section  lines,  which  mnny  of  tbeia  lake  for  a  due  East  and  Weal,  or 
North  and  South  line,  as  required  bj  the  act  of  Congress,  passed  1805. 

The  accretion  6,  a,  n,  in  our  opinion,  would  belong  to  bini  who  owpb 
front  a  h.  There  is  a  similar  case  to  this  pending  for  gome  time  in 
Chicago,  where  some  claim  that  tlie  water  front  a,  n,  b,  d  should  be 
divided  ;  olhers  claim  that  onlj  b  to  d,  as  Ihe  part  o,  6,  n  may  be  washed 
away,  by  the  same  ngeol  wbich  has  made  it. 

"  Where  land  is  hounded  by  water,  and  allusions  are  graduftllj  formed, 
the  owner  bIimU  still  hold  to  tbe  anme  boundnry,  including  the  accumu- 
lalCii  soil.  Every  proprietor  whose  land  is  thus  bounded,  is  subject  to  a 
loss  by  the  same  means  tbsl  may  add  to  bis  territory,  and  as  he  is  with- 
out remedy  for  his  loss  in  this  way,  he  cannot  be  held  accountable  for  big 
gain."  New  Orleans  t.  United  States,  laid  down  as  a  fundamental  law  by 
Judge  Druminond,  Oct.  1858,  in  his  charge  to  the  jury  in  the  Chicago 

When  the  river  or  stream  changei  ill  course.  If  it  changes  suddenly 
from  being  between  A  and  I),  to  be  entirely  on  B,  then  the  whole 
river  belongs  to  B.  But  if  the  recession  of  a  stream  or  lake  be  gradual 
or  imperceptible,  then  ibe  boundary  between  A  and  B  will  be  on  the 
water,  as  if  no  recession  had  taken  place.  2  Bluokstone,  Com.  262  i 
,  1  Hawkes,  North  Carolina  R.  56. 

When  a  alream  suddenly  causes  A's  soil  to  be  joined  to  B's,  A  bas  a 
right  to  recover  it,  by  directing  the  river  in  its  original  channel,  or  by 
taking  bock  the  earth  in  scows,  etc.,  before  the  soil  sb  added  becomes 
firmly  incorporated  with  B's  land.     2  Blackatone  Com.  262. 


30Dd.  Ilighwiiy  is  a  publio  road,  which  every  citizen  has  a  right  to  use. 
8  KentConim.  32.  It  has  been  discussed  in  several  States,  whether  streets 
in  towns  and  cities  are  highways ;  but  the  general  opinion  is  that  they  are. 
Hobbs  V.  Loviell,  19  Pick.  Mass,  Rep.  405 ;  City  of  Cincinnati  v.  While, 
8  Peters,,  U.  S,-  Rep.  431.  A  street  or  highway  ending  on  a  river  or 
sea,  cannot  be  "  blocked  up"  so  as  to  prevent  public  access  to  the  water. 
Wuodjer  y.  Hadden,  G  Taunton  R.  125. 

When  a  road  leads  between  the  land  of  A  and  B,  and  that  the  road  be- 
comes temporarily  or  unejpecledly  impassable,  the  public  has  a  right  to 
go  on  the  adjoining  land.  Absor  t.  French,  2  Show,  26;  Campbell  t. 
Race,  7  Gushing,  Mass.  Rep.  111. 

Width  afpuhik  kigktcaya  is  four  rods,  if  nothing  to  the  contrary  is  spe- 
ciBed,  or  unless  by  user  for  twenty  years,  the  width  has  been  less.  Horlan 
y.  Harriaton,  B  Cow   189. 

Twenly  years  uninterrupled  user  of  a  highway  \s  prima  facie  evidence  of  a 
prescriptive  right.      1  Saund.,  323  a,  10  East  4J6. 

Unenclosed  lands  adjoining  a  highway,  may  be  travelled  od  by  tbs 
puhlio.     Cleveland  y.  Cleveland,  12  Wend.  376. 

Owners  of  the  land  adjoining  a  public  highway,  own  the  fee  in  the  road, 
anlesB  tbe  contrary  is  expressed.  The  public  having  only  an  easement 
in  it.  When  the  road  is  vacated,  it  reverts  to  the  original  owners.  Comyn 
digest  Dig,  tit.  Chemin  A  2;  Chatham  v.  Brand,  11  Conn.  R.  60;  Ken- 
nedy V.  Jones,  II  Alabama  R.  63  ;  Jackson  v.  Hathaway,  16  Johnson'i 
Eep.  947. 
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A  Toad  M  dedicated  to  the  public,  when  the  owners  put  a  map  on  record 
showing  the  lots,  streets,  roads  or  ftllejB.  Manly  ct  al  v.  Gibson,  13  Illi- 
nois, 308. 

In  Illinois  the  courts  haTC  decided,  that  in  the  eonnty  the  owners  of 
land  nc^otning  a  road  have  the  fee  to  the  centre  of  it,  and  that  they  have 
only  granted  an  ensement,  or  right  to  pass  over  it,  to  the  public.  Country 
roaJs  are  styled  highways.  In  ineorporfited  towns  and  cities,  I'oads  are 
denominated  streets,  the  fees  of  which  are  in  tlie  corporations  oi'  city 
anthorities.  The  original  owner  bus  no  further  control  over  that  part  of 
his  land.     Huntley  v.  Middlcton,  13  Illinois,  54. 

In  Chicago,  however,  the  adjacent  owners  build  cellars  under  the  streets, 
and  the  corporation  rents  the  ends  cf  uubridged  alreels  on  the  river,  for 
doelt  purposes.  Where  streets  aro  Taoated,  they  revert  to  the  original 
owners,  as  in  otlier  States.  The  adjacent  owners  must  grade  the  streets 
and  build  the  sidewalks,  yet  by  the  above  decision  they  have  no  claim  to 
the  fee  therein.  It  appears  strange  that  Archer  road  outside  the  city 
limits  is  a  highway,  and  inside  the  limits,  is  a  street.  The  road  outside 
and  inside  ia  the  same.  Tart  of  that  now  inside,  was  in  January,  18GI1, 
outside;  consequently,  what  is  now  a  street,  was  10  months  ago  a 
highway.  Then,  the  fee  in  the  road  was  in  tlie  adjacent  owners,  now  by 
the  above  decision,  it  is  in  the  corporation.  It  seems  difficult  to  deter- 
mine the  point  where  a  highway  becomes  tt  street,  nnd  vice  versa. 

Fnotpaihs.  Cid-de-sac  are  thoroughfares  leading  from  one  road  to 
another,  or  from  one  road  to  a  church  or  buildings.  The  latter  is  teimed 
a  cal-de-im.  These,  if  used  as  a  highway  foi-  '10  years,  become  a  high- 
way. Woilbeloved  on  Higliwnjs,  page  10.  See  Angel  on  Highways, 
see.  20. 

A  cannot  claim  a  way  over  It's  land. 

A  cannot  claim  a  way  from  his  land  through  B's ;  but  mny  claim  ft  way 
from  one  part  of  his  land  to  another  part  thereof,  through  B's,  that  i3 
whan  A's  laud  is  on  both  sides  of  B's.     Cruises'  English  Digest,  vol,  3,  p. 

If  A  sells  pavl  of  his  Innd  to  1',  which  is  surrouiideii  on  all  sides  by  A's, 
or  partly  by  A's  and  others,  a  tight  of  way  necessarily  passes  to  B.  2 
ItoU's  Abridgment,  Co,  P.  L.  17,  18. 

If  A  owned  4  Helds,  the  3  outer  ones  enclosing  tiie  fourth,  if  he  aella 
the  outer  three,  he  has  still  a  right  of  way  into  the  fourth.  Cruise,  toI.  8, 
p.  124;  but  he  cannot  go  beyond  this  enclosure.  Ibid,  \2'u.  When  a  right 
of  way  has  been  extinguished  bj  unity  of  possessions,  it  may  be  revived 
by  severance,    /iirf,  p.  120. 

JSoundariei  on  highways,  when  expressed  as  bounded  by  a  highway,  it 
means  that  the  fee  to  the  centre  of  the  road  is  conTeyed,  3  Kent  Comm. 
433. 

Exceptions  to  this  rule  are  found  in  Canal  Trustees  v.  Haven,  11  Illinois 
R.  654,  where  it  is  afErmed  that  the  owner  cannot  claim  but  the  extent 
of  his  lot. 

By,  on,  or  along,  includes  the  middle  of  the  road.  2  Metoalf,  Mass.  R. 
161. 

By  the  lijie  of.  by  the  margin  of,  hj  the  side  of,  does  not  include  the  fee  to 
any  part  of  the  road.     15  Johnson,  N.  Y.  R.  447. 
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The  town  tliat  Buffera  ita  highways  to  be  out  of  repair,  or  the  party 
who  ob6truots  the  same,  is  answerable  to  the  public  by  indictment,  but  not 
to  an  individual,  unless  he  suffers  damage  by  reason  thereof  in  hia  person 
or  property.  Smith  v.  Smith,  2  Piolt.  Maaa.  Rep.  621 ;  Forman  t.  Con- 
cord, 2  New  Humpshire  Ktp.  292.  Individuals  and  private  corporations 
are  likewise  liable  to  pay  damages.    6  Johnson,  N.  Y.  Rep.  90. 

Lord  ENenborough  says  two  things  must  concur  to  support  this  action; 
an  obstruction  in  the  road  bj  Ihe  fault  of  the  defendant,  and  no  want  of 
ordinary  care  to  avoid  it  on  the  part  of  the  plaintiff.  Buttarfield  y.  For- 
rester, 11  East.  Rep.  (JO. 

Towns,  or  eorporntions,  are  primarily  liable  for  injuries,  caused  by  an 
iadividual  placing  an  obstruction  in  the  highway.  7he  town  ma;  be 
indemnified  for  the  same  amount.  In  Massachusetts  the  town  or  corpor- 
ation is  liable  to  double  damages  after  reasonable  notice  of  the  defects 
had  been  giyen,  but  they  can  recover  of  the  individual  causing  it  but 
the  single  amount.  Merrill  v.  Hampden,  26  Maine  Rep.  224  ;  Howard  v. 
Bridgewater,  16  Pick,  Mass.  Rep,  169 ;  Lowell  t.  Boston  and  Lowell 
Railroad  corporation,  2Z  Pick.  Mass.  R.  24. 

By  the  extension  of  a  straight  line,  is  to  be  understood,  that  it  is  produced 
or  continued  in  a  straight  line.    Woodjer  y,  Hattden,  5  Faunl.Jlep.  125. 

Pbinkroads,  if  made  on  a  highway,  continue  to  be  highways,  the  public 
have  the  right  to  pass  over  them,  by  paying  toll.  Angel  oa  Highways, 
aec.  14. 

The  Csurt  has  the  fiiriediction  to  restrain  any  unauthorized  appropria- 
tion of  the  public  property  to  privBte  uses ;  which  may  amount  to  a  public 
nuisance,  or  may  endanger,  or  injuriously  affect  the  public  interest. 
Where  olficers,  acting  under  oath,  are  intrusted  with  the  protection  of  such 
property,  private  persons  are  not  allowed  to  interfere.  6  Paige,  Chancery 
Rep.  133. 

Railroads  may  be  a  public  nuisance,  when  their  rails  are  allowed  to  be 
2  to  3  inches  above  the  level  of  the  streets,  as  now  in  Chicago,— thereby 
requiring  an  additional  force  to  overcome  the  resistance.  See  Manual, 
319«,  where  it  has  been  shown,  that  the  rail  was  -"  inches  above  the 
level  of  Ihe  street,  and  required  a  force  of  9e9  podcds  to  overcome  the 
resistance.  This  stale  of  things  would  evidently  he  a  public  injury,  and 
be  sufficient  reasons  to  prevent  a  recuiTcnce  of  it  in  any  place  where  it 
had  previously  esisted.  It  may  be  a  private  injury,  when  the  track  is 
so  near  a  man's  eidewalk,  aa  to  prevent  a  team  standing  there  for  a 
reasonable  time  to  load  or  unload. 

When  a  road  is  dedicated  to  tSie  public  at  the  time  of  making  a  town  plat 
or  map,  it  is  held  that  the  street  must  have  the  recorded  width  Ihoagh  the 
adjoining  lots  should  fall  short,  because  the  street  has  been  first  conveyed. 
When  a  ntw  street  I'j  made,  the  eipense  is  borne  by  the  adjacent  owners 
or  parties  benefitted.  Subsequent  improvements  are  usually  made  by  a 
general  city  or  town  tax  ;  sometimes  hy  the  .idjacent  owners — the  city 
paying  for  intersections  of  streets  and  sidewalks.  In  February,  1864, 
Judges  Wilson  and  Van  Higgiiis,  of  the  Cook  Connty  (Illinois)  Superior 
Court,  decided  that  a  lot  cannot  be  (axed  for  more  than  the  actual  in- 
crease in  its  value,  caused  by  the  improvement  in  front  thereof. 
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SIR  RICHARD  GRIFFITH'S  SYSTEM  OF  VALUATION. 
Note. — All  nev  matter  introduced  is  in  italics  or  enclosed  in  paren- 

309e.  Thf  inlenlion  of  the  General  Valuation  Act  was,  that  a  valnntion 
of  the  lands  of  Ireland,  made  at  distant  times  and  places,  should  iiave  a 
relative  value,  ascertained  on  the  basis  of  the  prices  of  agricultural  pro- 
duce, and  that  though  made  at  dislaut  periods,  should  be  the  same.  The 
11th  section  of  llie  Act,  quoted  below,  gives  the  standard  prices  of  agri- 
cultural produce,  according  to  which  the  uniform  value  of  any  tenement 
is  to  be  ascertained,  and  ali  valuations  made  aa  if  these  prices  were  the 
same,  at  the  time  of  making  the  valuation. 

309/.  Act  15  and  16  Victona,  Cap.  63,  Sec.  AV.— Each  teneraeotor rate- 
able hereditament  shall  be  separately  valued,  taking  for  basis  the  net 
annual  value  thereof  with  reference  to  prices  of  agricultural  produce 
hereinafter  specified  ;  all  peculiar  local  circumstances  in  each  case  to  be 
taken  into  consideration,  and  all  rates,  tases  and  public  charges,  if  anj, 
(eicept  tithes)  being  paid  hy  the  tenant. 

Note. — (The  articles  in  italics  are  not  iu  the  above  section,  bat  inserted 
so  as  to  extend  the  system  as  much  aa  possible  to  America  auli  other 

pi.™.) 

General  average  prices  o/iOO  lbs.  of 


Wheat, 

Os.  9d.  0 

r  %!.>¥•, 

Oats, 

4s.  4d.   ' 

•     1.04 

Barley, 

4s.  lid.  ' 

'     1.19 

Maize, 

Butter, 

58s.  lOd.  ■ 

or  14.11 

Beef, 

358.    3d.. 

or    7.05 

Mutton, 

SGs.  lid.  or 

Pork, 

28s.  lOd.  " 

Flai, 

443.    Id.  •' 

IIen.p, 

Tabacco, 

Cotton, 

Sugar, 

one-third 

for  beef  and 

&a.         &c.         &c. 

To  find  the  price  of  live  iceii/hia. — Deduct  one-third  for  beef  and  mutton, 
and  one-fifth  for  pork. 

Rouses  and  Buildings  shall  be  valued  upon  the  annual  estimated  rent 
which  may  be  reasonably  expected  from  year  to  year,  the  tenant  paying 
all  incidental  charges,  eicept  tithes. 

Sections  12  to  ItJ,  inclusive,  of  the  act,  treat  of  the  kind  of  properties 
to  he  valued. 

309^.  Lands  and  Buildings  used  for  scientific,  charitable  or  other  pub- 
lic purposes,  are  valued  at  half  their  annual  value,  all  improvements  and 
mines  opened  during  Reveo  yeiirs;  all  commons,  rights  of  fishing,  canals, 
navigations  and  rights  of  navigation,  railways  and  tramways  ;  all  right  of 
way  and  easement  over  land ;  all  mills  and  buildings  built  for  manufac- 
turing purposes,  together  with  all  water  power  thereof.  But  the  valua- 
tion does  not  extend  to  (he  valuation  of  machinery  in  such  buildings. 

A.  tenement  is  any  rateable  hereditament  held  for  a  term  of  not  leas  than 

Every  rateable  tenement  shall  be  separately  valued. 

The  vatualor  shall  have  a  map  showing  the  correct  boundary  of  each 
tenement,  which  shall  be  marked  or  numbered  for  references.  The  map 
shall  show  if  half  streets,  roads  or  rivers  are  included. 
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The  Field  Book  is  to  contain  a  fall  description  of  eTerj  tenement  in  tte 
townland  {or  tovinihip),  tha  names  of  the  owners  ant!  occupiers,  together 
with  references  to  the  corresponding  numbers  on  the  plan  or  iniip.  The 
book  to  tio  headed  with  llie  name  of  the  county,  parish  (or  iownskip),  each 
townland  (or  smlion). 

Gentlemen  of  property,  learning,  or  tlie  law,  should  liiiTO  "Esquire" 
attached  to  their  names. 

Land,  is  ground  used  for  agricultural  purposes. 

Ilotisea  and  Ojftces,  are  buildings  nsed  for  residences. 

Other  Isnements,  such  as  hricklield,  brewery,  So. 

Ta  dsiermine  iJie  value  of  land,  particniiir  attention  must  be  paid  to  ita 
geological  and  geojrapliical  position,  so  far  as  may  be  necessary  to  ile- 
velope  the  natural  and  relative  power  of  the  soil. 


S09A.  Examine  the  soil  and  subsoil  by  digging  it  up,  in  order  to  ascer- 
tain its  natural  6apabilities  ;  for  if  guided  by  the  appearance  of  tlie  crops, 
the  valuator  may  put  too  higli  ft  price  on  l>ftd  land  highly  manured.  This 
would  be  unjust,  fts  it  is  the  intrinsic  and  not  the  temporary  value  which 
is  to  he  detevniined. 

To  obtain  an  average  value,  where  the  soil  differs  considerably  in  short 
distances;  examine  and  price  each  tract  separately,  and  take  tlie  mean 

The  value  of  soil  depends  on  its  composition  and  subsoil. 

Snbsoii  may  be  considered  the  regulator  or  governor  of  the  powers  of  the 
Boil,  for  the  nature  of  its  composition  considerably  retards  or  promotes 
Te  gelation. 

In  porous  or  sandtj  soil,  the  necessary  nutriment  for  plants  is  wa=hed 
ftwaj,  or  absorbed  below  the  roots  of  the  plants. 

Inclayes  loili,  the  subsoil  is  imperTioua,  tbe  active  or  surface  soil  is 
cold  an<l  late,  and  produces  aquatic  plants.  Uente  appeari  tie  n/ce  ilu  of 
itricl  allenlion  to  the  snbsoii. 

So/i»  nrs  eoiwpounrfeii  of  organic  and  inorgnnio  raattor;  tVe  Ijimer  de 
rived  from  the  dtsintegratioa  and  decomposition  of  rocks.  Ihe  piopoit  on 
in  which  they  are  combined  is  of  the  utmost  importance. 

A  good  soil  may  contain  six  to  ten  per  aent.  of  organic  matter;  the  re- 
mainder should  have  its  greater  portion  silica ;  the  lesser  alumina,  lime, 
podiab,  sods,  Sc— (See  tables  of  analysisat  the  end  of  tliose  instructions.) 

Soils  vary  considerably  in  relation  to  the  physical  aspect ;  thus  in  moun- 
tain or  hilly  districts,  where  the  rocks  are  eiposed  to  atroospliericn.1  influ- 
ence, Ibe  soils  of  the  valleys  consist  of  the  disintegrated  substance  of  the 
rocks,  whilst  that  of  tbe  plains  is  composed  of  drifted  materials,  foreign 
to  t)>e  subjacent  rock.  In  the  formercase  the  soil  is  characterised  by  the 
locality ;  in  tlie  latter  it  is  not. 

Bg  reference  to  the  Geological  Map  of  Ireland,  it  will  be  seen  that  the 
mountain  soil  is  referable  to  the  granite,  schistose  rooks  and  sandstone. 

The  fertility  of  the  soil  is  to  aonie  extent  dependent  on  the  proportion  or 
combinations  which  exist  between  the  component  minerals  of  the  rocks 
from  which  [t  may  bave  been  formed ;  thus  granite  in  which  feldspar  is 
la  excess  when  disintegrated,  usually  forms  a  deep  and  easily  improved 
soil,  whilst  that  in  which  it  is  deficient  will  be  comparatively  unproductive. 
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The  iSctrittu  of  mica  slate  and  Uie  schistose  rocks  form  moderate]  j  friable 
Boils  tt  for  tillage  aod  pasture. 

Sandstone  sotli  derived  from  Boudsfone,  are  generally  poor. 

The  meat  prodiiclwi  lands  in  Ireland  are  sitaate  in  the  oarboiiiferous 
limestoDO  plain,  nhtcli,  us  shoicn  on  tbe  Geological  Map,  occupies  nearly 
two-third?  of  that  country.  IVhen  to  the  naturally  fertile  calcareous  soils 
of  this  great  district,  foreign  matters  are  adiled,  derived  from  the  disiote- 
gration  of  grauitfe  nnd  trappean  igueous  rocks,  as  well  aa  from  mica  slate, 
claj  slate,  and  other  aedementary  rocks,  soils  of  an  unusually  fertile 
character  are  produced.  Thus  the  proTerbially  rich  soil  of  the  Ooldin- 
vale,  situate  in  the  iimestoce  district  eitendiag  between  Limerick  and 
Tjpperarj,  is  the  result  of  the  intermiilure  of  disintegrated  trap  derived 
from  the  numerous  igneous  protusions  which  are  dispersed  through  that 
district,  with  the  calcareous  soil  of  the  valley. 

Lands  of  supfrioT  fertility  occur  near  the  contacts  of  the  upper  series  of 
the  carboniferous  limestone  and  the  shales  of  the  millstone  grit,  or  lower 
coal  series  ;  important  ei^amples  of  this  kind  will  be  found  in  the  valley 
of  the  Barrow  and  Kore,  etc.,  etc. 

For  geological  arrangement  the  carboniferous  limestone  of  Ireland  has 
been  divided  into  four  series, 

\st  Series  beginning  fiom  below  the  yellow  sandatone  and  carboniferous 

2d  Series,  the  lower  limestone. 

Sd  Series,  the  calp  series,' 

4(A  Series,  the  upper  limestone. 

Soil  derived  from  1st  Series  is  usually  cold  and  unproduoUve,  eicept 
where  beds  of  moderately  pure  limestone  are  interstratified  with  the  or- 
dinary strata,  consisting  of  sandstone  and  slate-shaio. 

The  2d  Ssries,  when  not  cocverteii  bj  drift,  consisting  chiefly  of  lime- 
stone-gravel intermixed  with  clay,  usually  presents  a  friable  loam  fit  for 
producing  all  kinds  of  cereal  and  green  crops,  likewise  dairy  and  feeding 
pastures  for  heavy  cattle,  and  superior  sheep-walks. 

The  Sd  Series  consists  of  alternations  of  dark  grey  shale,  and  dark  grey 
impure  argil lo -siliceous  limestone,  producing  soil  usually  cold,  sour,  and 
unfit  for  cereal  crops ;  but  in  many  districts  naturally  dry,  or  which  haa 
been  drained  and  laid  down  for  pasture.  This  soil  produces  superior 
feeding  grasses,  particularly  the  cock's  foot  grass.  These  pastures  im- 
prove annually,  and  are  seldom  cultivated,  because  they  are  considered 
the  best  for  fattening  heavy  cattle. 

The  ilk  Series  produces  admirable  sheep  pasture,  and,  in  some  localities, 
superior  feeding  grounds  for  heavy  cattle,  and  produces  every  variety  of 
cereal  and  green  crops. 

309i.  It  is  of  the  utmost  importance  that  the  valuator  should  carefully 
attend  to  the  mineral  composition  of  the  soil  in  each  case,  and  a  reference 
to  the  Geological  Map  will  frequently  assist  his  judgment  in  this  respect, 
the  relative  position  of  the  subjacent  rocks  having  been  determined  upon 
sectional  and  fossiliferous  evidence.  He  should  carefully  observe  the 
changes  in  the  quality  and  fertility  of  the  soil  near  to  the  boundaries  of 
difierenl  rock  formations,  and  should  expect  and  look  for  sudden  transi- 
tions from  cold,  sterile,  clayey  soil?,  as  in  the  rolllstone  grit  districts,  in- 
to the  rioh  unctuous    loams  of  the  adjoining  limestone  districts,  which 
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usually  commence  close  to  tUe  line  of  boundary  ;  and  similar  rapid 
changes  will  be  observed  from  ban-enneas  to  fertility,  along  tlie  bound- 
aries of  our  granite,  trap,  and  schistose  distriots,  and  liltewise  on  the 
border  of  schistose  and  limestone  districts,  the  principle  being  that  every 
change  in  the  composition  of  the  subjacent  roclis  tends  to  B,n  alteration  in 
tlie  quality  both  of  the  active  and  subsoils. 

As  it  appears  from  the  foregoing  that  the  detritus  of  rocks  enters 
largely  into  the  composition  of  soils  and  other  formations,  the  moat 
trustworthy  analysis  is  supplied,  wiiich,  compared  with  the  crops  usually 
cultivateJ.  will  show  their  relative  value  and  deficiencies. 

Note.— (The  table  of  analysis  given  by  Sir  Ricliarii  Griffith  is  less  than 
one  page.  Those  given  by  us  in  the  following  pages  of  these  inslructionB 
are  compiled  from  the  most  aulheutie  sources,  and  will  enable  the  valu- 
ator or  surveyor  to  make  a  correct  valaation.  The  sorveyor  will  be  able, 
in  any  part  of  the  world,  to  give  valuable  instrnetions  to  those  agricul- 
turists with  whom  he  may  come  in  contact.  We  also  give  the  method  of 
making  an  approximate  analysis  of  the  rocks,  minerals  and  soils  which  he 
may  be  required  to  value.  Where  a  more  minute  analysis  is  required, 
he  may  give  a  specimen  of  that  required  to  be  analysed  to  some  practical 
chemist — such  as  Jackson,  of  Boston ;  Hunt,  of  Montreal ;  Blaney, 
Mariner,  or  Mahia,  of  Chicago ;  Eane,  or  Cameron,  of  Dublin  ;  Muspratt, 
or  Way,  of  England,  etc.  etc. 

Table  in  section  310  contains  the  analysis  of  rocks  and  grasses. 

Section  310a,  aualysis  of  trees  and  grasses. 

Section  310A,  analysis  of  grains,  hemp  and  3az. 

Section  310c,  analysis  of  vegetables  and  fruit. 

Section  310ii,  analysis  of  manures. 

Section  310e,  comparative  value  of  manures  ;  the  whole  series  making 
several  pages  of  valuable  information. 

In  Canada,  the  law  requires  that  Provincial  Land  Surveyors  should 
know  a  sufficient  share  of  mineralogy,  so  as  to  enable  them  to  assist  in 
developing  the  resources  of  that  country.  In  Europe,  all  valuations  of 
lands  are  generally  made  by  surveyors,  or  those  thoroughly  versed  in  that 
science  ;  but  in  the  United  States  a  political  tinsmitli  may  be  an  assessor 
or  valuator,  although  not  knowing  the  difference  between  a  solid  and  a 
square.  This  state  of  things  ought  not  to  be  so,  and  points  ont  the  neces- 
sity of  forming  a  Civil  Engineers'  and  Surveyors'  Institute,  similar  to 


From  these  tables  it  will  appear  what  materials  are  in  the  formation 
of  the  soil,  and  the  requirements  of  the  plants  cultivated  ;  thus,  in  corn 
and  grasses,  silica  predominates.  Seeds  and  grain  require  phosphoric 
acid.  Beans  and  leguminous  plants  require  lime  and  alkalies.  Turnips, 
beets  and  potatoes  require  potash  and  soda. 

The  soils  of  loamy,  low  lands,  particularly  those  on  the  margins 
of  rivers  and  lakes,  usually  consist  of  linely  comminufed  detrital  matter, 
derived  from  various  rocks ;  such  frequently,  in  Ireland,  contain  much 
calcareous  matter,  and  are  very  fertile  when  well  drained  and  tilled.  The 
rich,  low-lying  lands  which  border  the  lower  Shannon,  etc.,  are  alluvial, 
and  highly  productive. 

It  is  necessary  that  the  valuator  should  enter  Into  hie  book  a  short, 
!  description   of  the  nature   of   the  soil   and  aubsoll   of  erery 
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tenement  nhlch  m&y  corac  uniter  his  consideration,  and  ttiat  n\\  vnluatora 
aaj  attach  the  same  meaning  or  deacriptiye  worda  to  them.  The  follow- 
ing claasificatioQ  will  reader  thia  descriptioD  as  uniform  as  possible  ; 

Glasiificalioii  0/  mih,  with  reference  to  their  composition,  mny  be 
be  comprehended  nnder  the  falloning  heads,  ^ir.  t 

Argitlaceoua  OT  clayey — clayey,  clnjey  loam,  argillaceous,  alluvial. 

Silidoui  OT  sandy — sandy,  graTOilj,  slaty  or  roclty. 

Co(coreous— limey,  limestone  gravel,  marl. 

Peat  toil — moor,  peat. 

Tki  color  of  aoilt  is  derired  from  different  admixtures  of  oiide  or  rust 
of  iron. 

ArgiUacfous  earths,  or  those  in  which  alumina  is  abuddant.  as  brick  auil 
pipe  clays. 

The  soil  in  which  alumina  predominates  is  termed  clay. 

When  a  soil  consists  chiefly  of  blue  or  yellov}  tenaciolis  clay  upon 
a  retentive  subsoil,  it  is  nearly  aniit  for  tillage  ;  but  on  an  open  subsoil  it 
may  be  easily  improved.  Clayey  soils  containing  a  duo  admiiture  of 
sand,  lime  aod  vegetable  matter,  are  well  adapted  to  the  growth  of  wheat, 
and  are  classed  amongst  the  most  productive  soils,  where  the  climate  is  fa- 
vorable. Soils  of  this  description  will,  therefore,  graduate  from  cold,  stiff 
clay  soils  to  open  clay  soils,  io  proportion  as  the  admixture  of  sand  and 
vegetable  matter  is  more  or  less  abundant,  and  the  subsoil  more  or  leas 

Loams  are  friable  soils  of  lijie  earth,  which,  if  plowed  in  wet  weather, 
will  not  form  cloil^. 

*4  strong  clayey  loam  contains  about  one-third  part  of  clay,  the  rcmaiii- 
der  consisting  of  saud  or  gravel,  lime,  vegetable  and  animal  matters,  the 
sand  being  the  predominating  ingredient. 

AfriahU  clayey  loam  differs  from  the  latter  by-  containing  less  clay  and 
more  aaod.  Id  this  case  the  clay  is  more  perfectly  intermixed  with  the 
sand,  so  aa  to  produce  a  finer  tilth,  the  soil  being  less  retentive  of  mois 
tnre,  and  easier  cultivated  in  wet  weather. 

Sandy  or  gravelly  loams  is  that  where  sand  or  gravel  predominates,  and 
the  soil  is  open  and  fVee,  and  not  sufficiently  retentive  of  moisture. 

A  stiff  dag  soil  may  become  a  rich  loam  by  a  judicious  admixture  of 
Band,  pest,  lime  and  stable  manure,  but  after  numerous  plowinga  and  ex- 
posure to  winter  frosts  in  order  to  pulverize  the  clay,  and  to  mix  with  it 
the  lime,  peat,  sand,  etc. 

Alluvial  sails  are  generally  situated  in  flats,  on  the  banks  of  rivers, 
lakes,  or  the  aea  shore,  and  are  depositions  from  water,  the  depositions 
being  fine  argillaceous  loam,  with  layers  of  clay,  shells,  sand,  etc.  The 
eubsoil  may  be  different. 

On  the  aea  shore  and  margin  of  lakes,  the  the  clay  subsoils  usually  con- 
tain much  calcareous  matter  in  the  form  of  broken  shells,  and  sometimes 
thick  beds  of  white  marl. 

The  valuf  of  (he  soil  andmhsoil  depend  On  the  proportion  of  lime  it  may 
eoatain.     This  may  be  found  by  an  analysis.    (See  ser/uel  for  analysis. ) 

Sich  alluvial  loiis  are  the  most  productive  when  out  of  the  influence  of 
floods.  These  soils  are  classed  as  clayey,  loamy,  sandy,  etc.,  according 
to  tbeir  nature. 

^lat  lands  or  holms,  on  banks  of  rivers,  are  occasionally  open  and  sandy, 
but  frequently  they  are  composed  of  roost  productive  loams. 
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309j.  Sandf/  soils  vary  verj  much  ia  thfsir  grade,  color  and  Talue,  ae- 
oarding  to  the  quality  of  the  sand.  White  shelly  sands,  nhich  are  usually 
situated  uear  the  sea  shore,  are  sometimes  very  produotire,  though  tbey 
contain  but  a  Tery  small  portion  of  earthy  matter. 

Gravelly  soils  are  those  in  which  coarse  sand  or  gravel  predominates  ; 
these,  if  sufficiently  mjied  with  loam,  produce  excellent  crops. 

Slaley  soil)  occur  in  mountains  composed  of  slate  rock,  either  coarse  or 
fine  grained.  In  plowing  or  digging  tbe  shallow  soils  on  the  deelevities  of 
such  plaoea,  a  porlion  of  the  substratum  of  slate  intetmises  with  the  soil, 
which  thus  becomes  slatey. 

Rocky  toils.  Soil  may  be  denominated  rooky  where  it  is  composed  of 
a  number  of  fragments  of  rock  intermixed  with  mould.  Such  soils  ara 
usually  shallow,  and  the  substratum  consists  of  loose  broken  rook,  pre- 
senting angular  fragments. 


809i.  Calcareous  or  liineslone  soils,  are  those  which  contain  an  unusual 
quantity  of  lime,  and  are  on  a  substratum  of  limestone.  These  lands 
form  the  best  sheepwalks. 

Limeilone  gravel  soil,  is  where  we  find  calcareous  or  limestone  gravel 
forming  a  predominant  ingredient  in  soils. 

Marly  soils  are  of  two  kinds,  clayey  marl,  or  calcareous  matter  com- 
bined with  clay  and  white  marl,  which  is  a  deposition  from  water,  and  is 
only  found  on  the  margins  of  lakes,  sluggish  rivers  and  small  bogs. 

On  the  banks  of  the  River  Shannon,  beds  of  white  marl  are  fonnd  20 
feet  deep.  When  either  clayey  or  white  marl  enters  into  the  composition 
of  soils,  so  BS  to  form  an  important  ingredient,  such  soils  may  he  donom- 
i  Dated  marly. 

300/.      Flat,  moory  soils  are  such  as  ■ 
assuming  tbe  appearance  of  a  biack  o 
peat  amounts  to  one-fourth,  and  the  remaiudcr  a  clayey  loam,  the  soil  ia 
productive,  especially  when  the  suhstratum  is  clay  or  clayey  gravel. 

When  the  peal  amounts  to  one-half,  the  soil  is  less  valuable. 

When  the  peal  amounts  to  throo-fourths  of  the  whole,  the  soil  becomes 
very  light,  and  decreases  in  value  in  proportion  to  the  increase  of  the  peat 
in  the  soil. 

Pealy  or  boggy  soils  are  composed  of  peat  or  bog,  which,  when  first 
brought  into  cuUivation,  present  a  fibrous  teiture  and  contain  ho  earthy 
matter  beyond  that  which  is  produced  by  burning  the  peat. 

The  quantity  of  ashes  left  by  burning  is  red  or  yellow  ashes,  about  one- 
eighth  of  the  peat,  generally  one-tenth  or  one-twelfih  in  shallow  boga. 

In  deep  bogs  the  ashea  are  generally  white,  and  weigh  about  one-eightieth 
of  the  peat.  Such  land  is  of  little  value  unless  covered  with  a  heavy  coat 
of  loamy  earth  or  clay.  Hence  it  aapears  that  the  value  of  peaty  soil  de- 
pends on  the  amount  of  red  ashea  it  contains.  For  this  reason  peaty  soils 
are  valued  at  a  low  price. 

Note. — (Bousingault,  in  bis  "  Rural  Economy,"  says:  "  The  quality  of 
an  arable  land  depends  essentially  on  the  association  of  its  clay  and  sand  or 
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San'l,  nliellior  it  bo  gilicnou)!,  crtkarcoua  or  fatapattiic,  nlivn.js  renderii 
n  soil  frinble,  permeable  and  loose;  iL  facilitates  the  access  of  tbe  air  aixl 
llic  itrainage  of  the  wnter,  and  its  iiiflacncc  depends  more  or  le^s  an  llio 
minute  division  of  It-i  paHioIes.) 

'I'lic  following  table,  given  by  Sir  RicLard  Gviffitli,  is  from  Von  Tliacr's 
Cbemistry,  as  found  bjjiim  am!  EinhofF: 
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Under  the  head  clay,  has  been  inolnded  alkalies,  chlorides,  and  snppos- 
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eil  lo  be  in  fan  proporlion'i      Thosod 
to  tiie  depth  of  an  inclica 

Jii  the  Field  Hook  Ihc  following  explanatory  terms  may  be  used  as  occa 
Sinn  may  require: 

a;(r.— Where  a  soil  contaiiis  a  large  proportion  (sny  one-half  or  cvo 
mort)  of  ton^ioious  clay ;  this  ciacks  in  dry  weather,  forming  into  himps 

FiiuUe. — Wiicie  it  is  loose  and  open,  as  in  sandy,  gravelly  or  iiioory  innih 

Sirong. — Where  it  Ims  a  tendency  to  form  into  clods. 

Deeji.— Where  the  depth  is  less  than  8  inches. 

Dri/. — No  springs.     Friable  soil,  and  porous  subsoil. 

Wet. — Numerous  springs ;  soil  and  subsoil  tenacious. 

Sliarp. — A  moderate  share  of  gravel  or  small  stones. 

Fine  or  jn/i.— No  grave! ;  chiefly  composed  of  very  fine  san  J,  or  st 
light  earth,  without  gravel. 

Colli. — Parts  on  a  tenacious  clay  subsoil,  and  has  a  tendency,  when 
pnsture,  to  produce  rushes  and  other  aquatic  plants. 

Haail^  or  f/ravelh/. — .1  large  proportion  of  sand  or  gravel. 

SJatey. — Where  tlio  slatey  substratum  is  mucli  mined  with  the  soil. 

Il'mn. — Where  it  has  been  along  time  cultivated  without  rest  or  manu 

Poor. — When  of  a  bad  quality. 

llimgri/. — When  consisting  of  a  great  proportion  of  gravel  or  coa 
Band  resting  on  a  gravelly  subsoil.     On  such  land  manure  doe 
''uen  the  usual  elfect. 

Tim  enlor  of  the  soil  and  the  features  of  the  land  ought  to  be  i 
such  as  steep,  level,  rocky,  shrubby,  etc.,  etc. 
li 


ft, 
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Jitdigmo'ui  piiinls  should  be  otserreil,  ns  Uicy  fo 
csto  pftrticulfir  oircumstnnces  of  snil  :ind  sulifoil. 
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Grent  Os-oye 

I'l 

'erty  of  soi 

"OOn.  AH  Innda  to  be  valued  may  be  classed  under  hifiMc  aw\  [in-tiirp. 

Arahie  land  may  be  divided  into  three  classes,  viz : 

/Vinie  soils,  riob,  loamy  cartb. 

Medium  soils,  rather  shallow,  or  mixed. 

PaoT  soils,  including  oifltivated  moors. 

Paiivri,  a%  fattening,  dairy  and  stone  land  pastures. 

The  prices  set  forth  in  tho  Act  (see  sec.  300/)  is  the  basis  on  which 
the  relative  and  uniform  valuation  of  all  lands  uaod  for  ngrieultural  jiiir- 
poscs  must  be  founded.  It  is  incnmbent  on  tlie  valuator  to  ascertain  the 
depth  of  soil  anJ  nature  of  subsoil,  to  calculate  tho  annual  outlay  per 
acre.  He  sboulii  calculate  the  value  per  acre  of  the  produce,  accorJini; 
to  the  scale  of  the  Act,  and  from  these  data  deJueo  the  net  annual  value 

"OOo,  Tables  of  produce,  elc,  formulio  for  calculation,  and  an  acreahle 
scale  of  prices,  supplieil  in  the  following  sectjoas,  are  given  as  auxiliaries 
with  n  view  to  produce  uniformity  among  the  valuators  employed.  Thu', 
if  the  valuator  finds  it  necessary  to  test  his  scale  of  prices  for  a  certain 
quality  of  land,  he  may  select  one  or  more  farms  clinracl  eristic  of  tlrP 
avorogo  of  the  neighborhond.  Their  value  eliould  be  correctly  colcuhilcd 
and  an  nver.ago  price  per  acre  obtained,  from  whicb  be  deduces  the  staml- 
ard  ficlil  price  of  such  description  of  InnJ,  The  farms  (or  fields)  thus 
c>:aminei]  will  serve  as  points  of  comparison  for  the  remainder  of  Ihe 


Chss  and  JMcriplioa.  "TJ,"'- 

1.  Very  siipoiior,  filable  clayey  loam,  depp  and  rich,  From.    Ti 
lying  well,  neatly  fielded,  on  good,  sound  clayey  sub- 
soil, having  all  the  properties  that  constitute  a  su- 
perior subsoil,  average  produce  9  barrels  (or  s.    d.   j.  i 
stones  =    lbs.  —     bushels)  per  acre j;o  0  'Zy. 

2.  Superior,  strong,  deep  and  rich,  villi  inferior  spots 
deducted,  lying  well  on  good  clay  Biibsoil '21  0  lil 

3.  Superior,  not  so  deep  an  tiio  foregoing,  or  good  al- 
luvial soils — surface  ft  little  uneven '2')  0  22 

i  Good  medium  loams,  or  inferior  alluvial  land  of  nn 

even  quality 21  II  IJ* 

.  Good  loams,  with  inferior  spots  deducted 17  '•  id 

:  Medium  land,  even  in  quality,  rather  shallow,  deep 
and  rocky 14  H  10 
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7.  Colli  HUJl,  riitlior  sliallon  and  miscd,  lying  steep  on 
cold  einyey,  or  cold,  wot,  sandy  subsoil U 

8.  I'oor,  dry,  worn,  clayey  or  sntidy  soil,  on  gravtlly 

!l.  Very  poor,  coUI.  worn,  clujpy,  or  poor,  dry,  slinl- 
low,  Handy  soil,  or  liigli,  atcep,  rocky,  bad  Inud 4 

Id.  (lood,  boavy  mnor,  well  di'flincd,  on  gnoii,  cliijey 
Buhfloil 1:J 

11.  MeJimu  innory  soil,  drnincd,  mid  in  good  con- 
dition      9 

12.  Poor  nioory,  or  boggy  nrciblu,   wet,  nud  ULLiuistd 


witli  e 


rlh... 


0  10  (] 
0  (i  0 
G     1  0 


The  above  prices  opposite  eneli  olnis  is  what  tlie  valuator's  field  pi-ice 
slioidd  bu  in  an  ordinary  sjluaiiDu,  subject  to  bo  inoressed  or  dcoroascd 
fur  lociil  circuuislniiees,  togetlicr  with  Joduetioua  for  rates  and  taios. 

uOi'/i.  Of  ArMa  lu/i'l.^-Tlio  .amount  of  crop  raised  dcpeiidg  on  the  sya- 
tcin  of  tillage,  and  the  crops  vaiseJ.  The  system  of  cultivation  should  be 
suoli  as  would  maintain  an  ndcquatc  number  of  stock  to  mnnurc  the  farni, 
atid  tlie  crops  fihould  be  suited  to  the  soi! ;  thuti,  lands  on  wliicii  outs  or 
I'yo  conld  bo  profitably  grown,  may  not  rojiay  the  cost  of  onltivating  it 
for  wheal:. 

The  folloning  liibloa  show  the  overage  maxiniuni  cost,  produeo  anil 
Tuluc  of  urops  in  ordinary  cultivation  for  one  statute  acre. 
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NoTK.— The  barrel  is  pounds,  and  (he  ton  =  2,210  pounds. 

Prom  this  table  iL  .ippears  that  tbo  cost  of  cultivating  turnips,  r 
other  broad-leavc'l  plants,  is  greater  than  that  for  grain  crops. 
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ruoky     Iffl-llli" 


iiHiily  pasturiiLli.  i  ) 

11  hed  Ijiw  or  eonrBO  IiirIi'  I  _  _    [  _   3;  m    ( 

lE.l'rwtiiltoiieoIillS,       '.        -|    — ;      —      i    —    I  —        ~ 

Nqtk.— Tlio  iirlco  iiisorlcd  opi)ofHo  uaoli  olans  of  laudii,  iiGcqrilIn([  lu  Jin  rcfiii'Clin; 
lirodiic«,is  wliat  tlie  valTiator'a  field  price  elionlii  be  In  au  ordiiiaiy  ultimlion,  piiWecl 
to  1)0  iiiereaacd  or  mducoil  for  particular  local  cliiiiinistanttF,  togctlicr  wHli  diaJuu- 
(ioiiB  lor  rates  ami  Uxes. 

In  llio  cnloulalionK  for  tealiiig  Jiis  fmU  jiiico,  tlio  Tultmtor  t^liould 
tabulate,  aa  above,  iit  tlic  pricpa  jmr  ton  or  bitvvel,  the  avErnge  pro'luco 
per  iici'e  of  llic  district  niiJur  conaidcrntion.  Tlieec  viiliics  lie  will  npnin 
(aliuliito  according  tu  Ihe  sjstum  oi'  rarining  iidoptcil. 

The  following  may  sorvc  as  a  formula: 
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I  I'otitto  Oiits,  .  >  „., 
'■'■tCmimonOiits,  .  /  "" 
100 
tuir  "f  iiiiplcmBnts,  .  "  . 
yn  t'MI  Cftpltnl, 
Millet  Expenses, 


il  Viilue  of  Produce,  . 


a.  d, 

0  0 

0  0 

0  0 


iSll'Jr.  Tt  li:ts  liocii  iiacertnineJ  Hint  tlio  fiit  iu  nil  ox  is  ono-oiglitli  of 
Ibu  lean,  .'^iiii  h  in  }ii'iipovtiou  of  tlie  fntty  iimller  to  llic  sncclinrino  and 
piotciii  compoiinil^  iti  tlio  lieibngc.  Tlie  iiictliod  of  gvar.itig,  too,  hits 
BUMio  influence,  'the  beet  Ian  Ja  will  proiluce  abmit  ten  tons  of  gniss  per 
iicro,  in  one  yeitr.  One  beast  will  cat  from  seven  to  nine  stones  in  one  diiy. 
Six  sliccp  will  ciU  HS  niucli  as  one  ox.  One  Iri^L  atntutc  acre  of  prime 
pnelure  will  finiisli  for  tliu  innrket  t«o  sets  of  oxen  from  April  to  Sep- 
teinlKT.  Fium  Seplember  until  Docrmber  it  is  fed  by  i-heep.  Tbegcneiiil 
fiirmuUc  miiy  he  as  follows  : 


Two  sets  of  cnl  lie  to  be  flnislied  iu  tbe  seaFion, 
tiie  lands  preserved  during  the  months  of  Joti- 
unry,  Foliruitiy  and  JInrch. 

A  fonr-jear  old  bcifrr,  weipliing  about  5  owl., j 
well  wintered,  nnd  coming;  on  in  good  condiiton. 
in  tho  first  two  months  of  April  and  Miiy,  Willi 


A  hcife 

in  the 

Kiinie  coiidilinn,  in  llie  months  of! 

Ji.lv  ■ 

Ill  August,  will  inorcano. 

aiue  1 

ii.l,  0  Bheop  to  Iho  Irish  i 

t>o  nt  tho  rnte  of  2  lb.  per  week 

for  Of- 

tobor 

Novel 

bcr  and  Deeeuibcr,      . 

■| 

Gvos 

proiluce  on  one  Irish  noi 

,  or  lA. 
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■n  capital  for  one  benst  to  tlie  Iiisli  iict 


nt.  forXliI "    .0  10  0 

Herd,  per  Irish  acre,  (a  !ierd  will  Oiirc  150  Irish  acres,)  at 

ContinEencies,' L  10  0 

Comniiasiou  on  llie  sale  of  2  beasts  anil  7  sheep,  .it  '2i  perl 


Extra  eipenses,        ....... 

DeJuot  expensea,     .... 

Ncit  proituce  per  Iriali  acre,  cr  i.\.  L'n.  Kir.,  statute  n 


.  I 

.10    b  0 


3  ly  0 
3  18  9 


Cattle  ill  good  conililion  will  fntten  iiuicker  on  this  descriptiou  of  lanJ 
Juring  llie  early  months  than  mider  Ihe  system  of  stall-feeding. 


;iO'Jj.  Dmii/  ;i(j»/iirfs  lire  more  succulent  than  fattening  Inmla.  The 
aveiTige  qnanfity  of  butter  wliicli  a  good  cow  will  give  in  the  year  mny 
be  taken  at  S]  Rrklns  ^=  218  lbs. ;  or,  nllowing  nino  quarts  to  the  pound 
of  butter,  the  milk  will  *e  l,l>riO  quarts.  If  llie  stock  be  good,  un.lcr 
ijiLBi!nr  circumstances  its  produce  maybe  considered  to  Tury  with  lliu 
quantity  and  quality  of  the  herbagC'  This  and  theqnnlily  and  Biiilability 
of  tbc  stock  must  be  carefully  discriminated  nnd  considered. 

The  general  formu/a  i,<  os/flHoirs; 

In  column  A,  set  tbc  cows  and  produce;  I  he  hogs,  and  Increase  in 
weight;  the  calves,  when  reared ;  the  milk  used  by  (he  family.  In  col- 
umn B,  set  the  weight  of  the  produce.  lu  column  (,',  set  the  Act  price. 
And  in  column  D,  the  nmotint.  TIio  sum  of  coltimu  U  will  bo  the  gro^s 
receipts,  from  which  deduct  the  sum  of  ail  the  eipcnses,  rent  of  land 
under  tUloge,  and  the  diHerence  will  he  the  nelt  annual  produce  for  that 
part  used  ns  a  dairy  pasture. 


300(.  The  value  of  stove  pasture  depends  on  the  amount  of  stuck  it 
can  feed.  The  Taluator  will  eslimale  Ibe  number  of  acres  which  would 
feed  a  three  years  beast  for  Ihe  season,  from  whicti  the  number  of  stock 
for  the  whole  tenement  may  be  ascertained,  wliicb,  calculated  nt  an 
nveroge  rale  for  their  increase  or  Improrcment,  wil!  give  the  gross  value. 
This  valuation  must  he  checked  for  all  incidental  expenses  and  local  cir- 
cumstances— In  general,  hi-o-tlimh  nj  the  gross  jro'liicc  may  be  considered 
as  a  fair  value. 

la  mountain  dist:icls,  it  ia  divided  into  inside  and  remote  grazing. 
The  inside  is  allotted  for  miieh  cattle  nnd  winter  grass  Tiie  remote  or 
outside  pasture  is  for  summer  grazing  for  dry  cattle  and  sheep. 

The  annual  value  of  these  pastures  is  to  be  obtained  from  the  herds 
or  persons  living  on  or  adjacent  to  them,  taking  for  Imsis  the  number 
of  aums  graied  and  the  rale  per  sum. 

The  following  will  enable  the  valuator  to  estimate  the  number  of  sums 


One  three  years  old  heifer  Is  called  a 
to  three  yearlings  =  one  two  years  ol 


,.n™ 
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ewes  and  four  lambs  = 
olilslitcp)  —  lot«o-lh 


3t)l)u.  The  nbove  claHSifi cations,  soiilea  of  prices,  etc.,  for  dilfereiit 
kinds  of  Innd,  liave  been  calculated  wilh  reference  to  III e  qiinlity  of  tlie  poll 
and  its  productive  cipibilitief,  arising  from  the  composllion,  depth  and 
nutiire  of  the  subsoil,  without  takiug  into  consideration  tlie  extremes  of 
position  in  which  encii  prirticulnr  kind  may  occasionally  lie  found.  The 
value  thus  considered  mny  bo  defined  as  l/ie  value  of  land  in  medium  or 
ordinaTy  siliiolion. 

Land  in  an  ordinary  or  medium  sitiialioii.  Should  not  be  dialnnl. 
more  Ihnn  five  or  six  miles  from  it  principal  market  town,  hnving  a  fair 
roiid  to  it,  not  particularly  sheltered  or  exposed,  not  very  conveniently 
or  very  inconveniently  clrciinistBnced  as  to  fuel,  lime  and  nmnures;  not 
remarkably  liilly  or  h'vel,  the  greatest  elevation  of  which  shnli  not  exceed 
:iOO  feet  above  llie  level  of  the  sea. 

When  (he  valoation  of  the  properly  is  made,  he  will  enter  in  the  fir?t 
column  (he  valuations  obtained,  nnd  in  (lie  second  column  the  valu:itinns 
correclcil  for  local  circumstances. 

[,ni!AI,  CIBCUM  STAN  CBS. 

300i'.  The  local  uircumHtanoc«  mny  be  divided  into  tivo  classes,  vh. : 
natural  and  artificial. 

Natural,  ia  that  which  aids  or  retards  the  natural  powers  of  (he  soil 
in  bringing  the  crop  to  maturity, 

Arlificiol,  is  that  which  alford  or  deny  facililics  to  maintain  or  increase 
tlie  fertility  of  the  soil,  and  such  ns  involve  the  consideration  of  remutier- 


u  d 


1  b      of  cultivation      Local  c 


ph  m 
!B  the  advantage  of  a 
ige  in  Ireland  varies 
>uth,  the  correspond- 
3  grains  to  the  cubio 
on,  which  produces 
n  heiglit  being  cquiva- 


T      f    m  n       n       p  an      and   b  un 

are  considerably  dependent  on  tomperalnre ; 
locality  in  which  its  mean  is  greatest.     lis  i 
from  AS"  (Fahrenheit)  in  tlie  north  to  51'  in  ll 
ing  almnspheric  moisture  being  from  4.2T  to  4,Sf 
foot.     These   are   consideriibly  modified   by  clcviii 
nearly  the  same  cff.'Ct  ns  hilitudo,  every  :!5(l 
lent  to  one  degree  of  temperature. 

3(lf>[.  The  average  depth  of  rain  wliicli  falls  in  one  year  in  h'elnnd, 
varies  from  40  inches  on  the  we«t  coast  to  Xi  on  the  cast^  The  propor- 
tion of  the  rain  fall  is  greater  for  the  mountain  districts  tlian  for  the  Ion 
hinds.  The  (general  effect  of  elevation  on  arable  lands  in  this  case  are, 
that  the  soluble  nnd  line  parts  of  the  soil  are  washed  out,  and  ultimately 
carried  down  by  the  slri'Miiis.  Sucli  e  evated  districts  are  also  frequently 
exposed  to  liigh  winds,  etc.  The  prevailing  winds,  and  how  modified, 
are  to  be  taken  into  consideration. 

S0%.     Tn  Ireland,  on  land  ciposed  to  Keskrhj  icirtde,  the  Crops  are  fre- 
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qiientlj  iiijiirud  in  tlie  inontlis  of  August  nnd  September.  A  suitable 
(leiluction  sliould  therefore  be  maile  for  sucb  lands,  nltliougli  the  intrinsic 
vnluc  mity  be  similar  to  knil  in  n  more  slieltercti  silnnlion. 

7*11  determine  the  ttijluenec  of  cliaiale.  reiiuires  considenilile  cure  no  J  exten- 
sive comparison.  Thaa,  tlic  soil  which  in  an  oleviitcil  il i strict  is  irorth 
10s.  per  a«re,  will  be  wurlh  ISs.  if  placed  in  an  ordinary  eituntion,  about 
-"'JO  feet  above  the  Icvi^i  of  tlic  sea,  aiiij  not  particubirly  sheltered  or 
exposed.  The  same  deisuription  of  Innds,  however,  in  a  more  favorable 
situation,  sny  from  50  to  iCHJ  feet  above  tlie  sea,  dlHtnnt  from  mountains, 
and  having  »  south-eiist  a.speci,  jiiay  be  worth  2Us.  per  acre. 

In  making  deduclions  from  cultivaled  lands,  in  mount.iinoiis  dislricts, 
the  following  table  will  be  found  usel'iit,  and  may  be  applied  in  con- 
nection with  hdghts  given  in  Ordnance  Survey  maps ; 


Deilicl  for  bad  road.s,  fences,  aad  for  difference  In  tlie  soils  of  a  lielil 
where  II  is  of  uneijual  quality, 

"Mz.  M-tnures  are  that  which  improve  the  nature  of  the  soil,  or 
reptore  the  elements  which  have  been  annually  consumed  by  (he  crops. 
The  most  important  of  these,  in  addition  to  stable  manure  and  that  pro- 
duced from  towns,  consist  of  limestone,  coal  turbary,  sea  weed,  sea 

In  a  limestone  country,  where  tlic  soil  usually  contains  a  sufficient 
quantity  of  calcareous  inntter,  the  value  of  lime  as  a  manure  is  trifling 
when  compared  to  its  striking  effects  in  a  drained  clayey  or  loamy 
argillaceous  soil.  It  promotes  the  decomposition  of  vegetable  or  animal 
matter  enisling  in  the  soil,  and  renders  stiit'  clay  friable  when  drained, 
and  more  susceptible  of  benetit  from  the  atmoejiherp,  by  facilitating  the 
absorption  of  ammonia,  cnrbonio  aoiil  gas,  etc. ;  decomposes  salla  injuri- 
ous (0  vegetation,  such  as  sulphate  of  iron,  (which  it  converts  into  sul- 
ph:ite  of  lime  and  oxide  of  iron,  and  known  here  as  gypsum  or  plaster 
of  Paris,)  nnd  further  it  improves  the  filtering  power  of  soils,  and  enables 
them  to  retain  what  fertilizing  matter  m.ay  bo  contained  in  a  fluid  state. 

Lime  may  therefore  he  used  in  due  pi'oportion,  citlicr  on  moory  arena- 
oious  or  argillaceous  soils;  hence  the  vicinity  of  limestone  quarries  is  to 
be  considered  relatively  to  the  value  of  lime  as  a  manure  to  (ho  lands 


V  Google 


72b26 

under  conflideration :  Buy  from  aiiponoe   to  two  Bbillings  stbblino  yei 
pound  to  be  added  according  to  circuoi stances. 

The  vicmity  of  coal  mines  and  Uirf  bogs  are  likewlSe  an  important 
consideration  affecting  tlie  value  of  land,  for  the  expense  of  hauling  fueli 
for  Ijumiog  iime  and  domestic  purposes,  must  be  considered.  Tlie  per" 
ceutage  should  vaiy  from  siipenee  to  two  shillings  and  sixpence  per  pound" 

Sta  manuri  includes  sea  weed  nnd  sea  sand,  containing  sheila,  both  of 
which  are  highly  valuable,  especially  the  former. 

Where  sen  weed  of  good  quality  is  plentiful  and  easy  of  access,  the 
land  within  one  mile  of  the  strand  is  incieased  in  value  49.  in  the  pound 
at  least.  Whore  the  soil  Is  a  strong  day  or  clayey  loam,  shelly  sea  sand, 
when  abundant,  will  increase  the  value  of  the  land  28.  6d.  in  the  pound, 
for  the  distance  of  one  mile. 

The  valuator  will  consider  whether  sea  weed  is  cast  on  the  shore  or 
brought  in  boats,  and  the  nature  of  the  road.  If  hilly,  reduce  them  to 
level  by  table  at  p.  72j1S.  The  following  wilt  enable  the  Taluator  to  as- 
certain the  T.ilue  at  any  disfanoe  from  (he  strand  : 

Supply   rather    scarce  at  one  mile,  2s.  For  every  one-half  mile 

■'      middling  "  Ss.  deduct  6d. 

■'      plentiful  "  4s. 

The  proxmiiij/  to  toicmt,  us  a  source  of  manure  and  market  farm,  garden 
and  dairy  produce,  is  to  be  considered. 

310.  To  this  head  may  be  referred  the  influence  of  cities,  towns  and 
fairs ;  these  possess  a  topical  influence  in  proportion  to  their  wealth  and 
population.     The  following  is  a  classiiieatiou  of  towns : 

ViUagea,  from  250  to  uOO  inhabitants. 

Small  market  tomns,  from  COO  to  2000. 

Large  joarkeCtoieni,  from  2000  to  10,000. 

CiUet,  from  19,000  to  75,000,  and  upwards. 

Small  villagei,  of  IHm  250  to  500  inhabitants,  do  not  influence  the  value 
of  land  in  the  neighborhood  beyond  the  gardens  or  fields  immediately 
behind  the  houses.  The  increase  in  such  cases  above  the  ordinary  value 
of  the  lands  will  rarely  esceed  2s.  in  the  pound. 

Large  village  and  smull  towns,  having  from  500  to  1000  inhabitants^ 
usually  incveaue  the  value  of  land  araund  the  town  to  a  distance  of  three 
miles.  For  the  first  half  mile,  the  increase  is  'is.  in  the  pound ;  for  the 
nest  half. mile,  2s.;  next,  Ifld.  etc.,  deducting  one-third  for  each  half 
mile,  making,  for  three  miles  distant,  (id.  in  the  pound,  or  one-fortieth. 

Market  lowm,  having  from  8000  to  75,000  inhabitants,  town  parks,  or 
land  within  one  mile,  is  10s.  in  the  pound  higher  than  in  ordinary  situa- 
tions. Beyond  this  the  value  decreases  proportionately  to  6s.  at  the  dis- 
tauoe  of  three  miles  from  the  town.  Thence,  in  like  manner,  to  a  dietance 
If  seven  miles,  where  the  influence  of  such  town  terminates. 

Ciiieinnrfiarjfefowinj,  havingapopalatioQof  from  19,000  to 76, OOOinhabit- 
anta.  The  annual  value  of  town  parks  will  exceed  by  about  143.  in  the  pound 
the  price  ofsimilarlandin  ordinary  Bituations;  and  this  increased  value  will 
Mtendabouttwomilesineverydirectionfromlhehouaesof  the  town,  beyond 
which  the  adventitious  value  will  gradually  decrease  for  the  next  mile  tol2s. 
in  the  pound;  at  the  termination  of  fonr  miloa,  to  6s.;  at  seven  milea,  to 
™-;  and  at  nine  and  a  half  miles,  its  influence  majbe  considered  to  end. 
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Ml  iaereaie  to  be  made  for  the  vicinity  of  lo^ns 

is 

s  follows 

1             PopulBtloii. 
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In  appljing  the  above  table,  ihe  population  must  be  used  only/  for  a  gen- 
eral index,  as  it  is  the  wealth  and  commercial  iniiueace  wliicli  principallj 
fixes  the  class  ;  the  volua'Dr  must  use  his  judgment,  combining  the  com- 
parative  wealth  with  the  populatiou,  a,ud  raise  it  ono  class  in  the  tables, 
oc  even  more.     II  there  be  a  large  poor  class,  he  almuld  take  a  class 

The  general  influence  of  markets  and  towns  includes  tho  effects  of  rail- 
wnjB,  canals,  navigable  rivers,  and  highways;  thus,  of  two  districts 
equull;  distant  from  a  market,  and  equal  in  other  respects,  that  which  is 
intersected  hy  or  lies  nearer  to  the  best  and  cheapest  mode  of  communi- 
cntioQ  for  sale  of  produce,  is  the  moat  valuable. 

Bleach  greens,  fair  greene,  orchards,  osieiies,  etc.,  should  be  valued  ac- 
cording to  the  agricultural  vftlue  of  the  land  which  they  occupy. 

Piantatiom  and  woods,  are  valued  according  to  theii 

(Note.— Wb  bave  made  up  the  following  se. 
Griffith's  instructions,  and  Brown  on  American  F 
is  a  very  valuable  work.  J 

310a.    Tho  condition  of  trees  is  worthy  of  attention,  a 
nature  of  the  soil,  thus : 

Acer.  Maple.  Requires  a  deep,  rich,  moist  soil,  free  from  stagnant 
water;  some  species  will  thrive  in  a  drier  soil. 

Alniu.     Alder.     A  moist  damp  soil. 

Betvla.  Birch,  fn  every  description— fj-om  the  wettest  lo  the  driest, 
generally  rocky,  dry,  sandy,  and  at  great  elevation. 

Carpinu),  Iroawood  and  Hornbeam.  Poor  clayey  loams,  incumbent 
on  sand  and  chalky  gravels, 

Caslanea.  Chestnut.  Deep  loam,  not  in  exposed  situations',  A  rich, 
undy  loam  and  clayey  soils,  free  from  stagnant  wafer. 

Capreiitis.     Cypress.     A  sandy  Icam,  also  clayey  soil. 

Chameropi.     Cabbage  Tree.     A  warm,  rich,  garden  mould. 

QlediUehia.     Locust.     A  sandy  loam, 

JugUma.  Hickory.  Grows  to  perfection  in  rich,  loamy  soils.  Also 
auooeeds  in  light  siliceoas,  sandy  soils,  as  also  in  clayey,  ones. 

Lariz.     Larcb.     A  moist,  cool  loatn,  in  shaded  localities. 
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Lamas.     Saasiifras.     A  soil  composed  of  ssBd,  pfal  and  loam. 
Lyriodendron.     Poplar,  or  Tulip  Tree.     A  snndy  loam. 
Pinm.     Pine.     Siliceous,  saudy  soils;  rockj,  aod  barreu  ones, 
Flatanai.     Huttoniyood,  or  Sycamore,    Sloist  loam,  free  from  Btngnant 

Quercus.  Oak.  A  rich  loaci,  witli  a  dry,  clayey  subsoil.  It  also 
thriTBR  on  almost  every  soil  exoeplitig  boggy  or  pent, 

RoUnia.  Locust.  Will  grow  in  almost,  any  soil :  but  attains  to  most 
perfection  in  light  and  sandy  ones, 

IHlia.  Lime  Tree,  Will  thrive  in  ulmast  nuy  soil  provided  it  is 
DiodcraCely  damp. 

(For  furtlier,  hcc  Brown  on  Forest  Trees,  Boston  :  18;12.) 

It  would  be  well,  in  erery  instance,  to  make  enblots  of  plantations. 

In  some  instances,  plantations  may  be  a  direct  inooHvenicHee  or  injury 
to  the  occupying  tenant.  In  such  caaes,  the  cireiimslnnces  should  he 
noted,  and  a  corresponding  deduction  be  made  for  the  valuation  of  the 
fnrtu  80  affected. 

Bogs  andtuTban/  sliould  be  valued  as  pasture.  The  vicinity  of  turf,  ax 
well  as  coal,  is  one  of  the  local  circumstances  lo  bo  considei'ed  as  in- 
creasitig  the'value  of  the  neighboring  arable  land. 

Wliere  tbe  tui*!'  is  sold,  the  bog  Is  valued  as  arable,  and  the  expense  of 
catling,  saving,  etc.  of  tarf  ileducted  from  the  grosij  proceeds,  Kill  give 
tbe  net  value. 

Bogs,  s'cnmjis,  and  moraaaes,  included  within  the  limits  of  a  farm,  should 
he  made  into  sublets,  if  of  sufKclent  extent. 

Jfiars,'  gaan-ies,  potteries,  tie.  The  expetiso  of  working,  proceeds  of 
sales,  etc.,  should  be  ascerta,ined  from  Chi'ee  or  four  yearly  returns. 

Mine/i,  not  viorkfd  during  lei'en  i/ean  previous,  are  not  to  be  rated. 

Toll).  The  rent  paid  for  tolls  of  roads,  fairs,  etc..  shonld  be  ascer- 
tained, and  also  the  several  circamstaticeB  of  the  lolls.  If  no  rent  be 
paid,  the  value  must  be  ascertained  from  the  best  local  information. 

Fishei-ie^  and  ferries.  Fi'om  the  gross  annual  receipts  deduct  the  annual 
expenses  for  net  proceeds.  It  will  be  necessary  to  state  if  the  whole  or 
part,  of  a  fishery  or  ferry  is  in  one  township,  or  in  two,  elc,,  and  to  ap- 
portion tbe  proceeds  of  each,  • 

Railviajis  and  canals.  "  Tlie  rateable  hereditjiment,"  iu  the  case  of 
i^ilnays,  is  the  laud  which  is  to  be  valued  in  its  existing  state,  as  part  of 
a  railvay,  and  at  Ihe  rent  it  would  bring  under  the  conditions  stated  in 
the  Act.  The  profits  are  not  strictly  rateable  themselves,  but  they  enter 
materially  into  the  question  of  the  amount  of  the  rate  upon  the  lands  by 
affecting  the-rent  which  it  would, bring,  or  which  a  tenant  would  give  for 
Ihe  railway,  etc,,  not  simply  as  land,  but  as  a  railway,  elc,  with  its  pe- 
culiar adaptation  lo  the  production  of  profit;  and  that  rent  must  be 
ascertained  by  reference  to  the  uses  of  it  {with  engines,  carriages,  etc., 
the  trading  stock),  ju  the  same  way  as  the  rent  of  a  farm  would  be  calcu- 
lated, by  reference  to  the  use  of  it.  with  cattle,  crops,  elc.  (likewise 
trading  stock).  In  neither  cases  would  the  rent  be  calculated  on  the 
JfJ  possession  of  the  laud,  without  the  power  of  using  it ;  and  in  both 
oases,  the  profits  are  derived  not  only  from  the  slock,  but  from  the  land 
so  used  and  occupied. 
It  will  be  necessary,  therefore,  to  ascertain  the  gross  receipts  for  a 
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jear  or  two,  taken  at  each  station  along  tbe  line;  also  the  amout 
receipts  arising  from  the  intermediate  tratRc  between  the  several  stall 
From  the  (otal  amount  of  such  receipts,  the  following  deductions  ar 
bemade,viz.:  inl'test  on  capital:  tenanis' profits;  working  eipen 
value  of  slations;  Jepreciation  of  slock. 

n  is  to  be  observed,  that  the  valuation  of  railway  sfation  houses, 
should  be  returned  separately. 


The  value  of  the  ground  under  liouses,  jnrds,  sfreels,  and  small  g 
dens,  ia  included  in  their  respective  tenements.  So  also  in  the  count 
roads,  stacltjarda,  etc.,  are  inoludedln  the  tenemenls.  The  areaof  groi 
occupied  by  these  roads  should  he  entered  nn  a  deihiction  at  (he  foot 
the  lol  in  which  thej  occni'. 

}Vhfn  a  fOTia  is  inleraecUd  by  more  roads  than  ia  neeessary  to  its  wai 
the  surplus  maybe  considered  wasle.  Also  deduct  small  ponds,  liar 
clilfa,  beaches  along  lakes,  anil  seashores. 


"\<ib.  By  a  fyslem  analogous  to  that  pursued  in  ascertaining  the  value 
of  laud,  the  Tnlae  of  buildings  may  be  worked  out;  the  one  being  based 
ou  the  scale  of  agricultural  prices,  and  modified  by  local  circutnstauces ; 
the  other,  on  an  estimate  of  the  intriusic  or  ubsolute  value,  modified  by 
the  circumstances  which  govern  lionse  letting. 

The  absottilt  iialue  of  a  hviiding  is  equivalent  to  a  fair  percentage  on 
the  amount  of  money  expended  in  its  construction,  and  it  varies  direclly 
in  proportion  to  Uie  solirlity  of  structure,  combined  with  age,  state  of 
repair,  and  capacity,  as  shown  in  the  folloiciug  classitication : 

Baildiiiff!  are  divided  into  two  classes :  tbose  used  as  houses,  and  lho»^e 
used  as  oflices.  In  addition  to  the  distinction  of  tenements  already 
noticed  in  sec.  SOlly,  it  may  here  be  observed  that  bouses  and  ofiicGs,  to- 
gether with  laud,  frequently  vonstitnlcd  but  one  tenement.  All  out- 
buildings, barns,  stables,  wurelionses,  yards,  etc.,  belongiug  or  couliguoua 
to  any  house,  and  occupied  tlieiewitb  by  one  and  the  same  person  or 
persons,  or  by  his  or  their  servants,  as  one  entire  concern,  are  (o  be  con- 
sidered parts  of  tlie  same  tenement,  and  should  be  accounted  for  separately 
in  tbe  house  book,  such  ns  hord's  house,  steward's  house,  farm  house, 
porter's  houae,  E>it6  honso,  etc. 

Apiirt  of  a  home  givtn  up  to  a  father,  mother,  or  other  person,  without 
rent,  does  not  form  a  eeparala  tcucmciit. 

Coanin/  fioiiT  mills,  with  miller's  liousc  mid  kiln,  form 


atUe. 


J  House  or  office  (Igt  class) 
\  Basementa  to  do.  (4th),  . 
'  House  or  office  (2iid),  ,     . 

Houfle  or  office  (3rd),  .    . 

Offleeg  (Gth) 


r  bricfc,  and 
i'th 


mud  mortar. 
Dry  Btone  walls, 
.  pointed. 
Good  mud  walls. 
Dry  stone  wallt- 
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The  above  table  comprises  four  classes  of  liouses  and  fire  of  offices,  of 
euob  of  which  tliere  may  be  three  conditions,  vi^.,  new,  medium,  and  old, 
which  ma;  ulao  be  classiHcd  and  subdiTided,  &s  fulloirs : 


(  Buill  Oi 


Very  au&atanlial  building,  ntid  finished  K'ilhout  ci 


baili  ivjenly  ytars. 

{B.  -f-  ^ot  new,  Inii  in  aoimd  order  and  good  repair. 

B.  Slightly  ditayed,  hnt  in  good  repair. 

B.  ■ —  Delerioraltd  in  age,  and  not  in  perfect  repair. 

f  C.  +  OW,  biU  in  repair. 

Old,         J  C.  Old,  out  of  repair. 

I,  C.  —  Old,  dilapidated,  scarcely  habitable. 

The  remaining  clrcumstunce  to  be  considered  is  capncit;  or  cubical 
content,  from  which,  in  ccnneiioa  with  the  foregoing  classifications, 
tables  lia>e  been  made  for  computing  tbe  value  of  all  buildings  used 
either  as  houses  or  offices.     (See  sequel  for  tables.) 

Iloiisea  cj  one  stort/  are  more  valuable,  in  proportion  to  tlieir  cubical 
contents,  than  tiiose  of  two  stories.  Those  more  than  two  stories  dimin- 
ish in  Talue,  as  ascertained  by  their  cubical  contents,  in  proportion  to 
their  height. 

Tables  are  calculated  and  so  arranged  on  a  portion  of  a  house  10  feet 
square  and  10  feet  high,  =;  100  cubic  feet,  so  that  a  proportionate  price 
given  for  a  measure  of  100  cubic  feet,  ns  above,  is  greater  than  for  a 
similar  content  20  feet  high,  or  for  10  square  feet  and  30  or  40  feet  high. 
For  einmple,  in  an  ordinary  new  dwelling  house,  the  price  given  by  the 
table  for  a  measure  containing  10  square  feet  and  10  feet  high,  is  T^ 
pence ;  for  tbe  same  area  and  20  feet  high,  tbe  price  Is  Is.  Old.;  for  the 
same  area  and  30  feet  high,  Is.  4Jrf.;  and  for  the  same  area  and  40  feet 
high,  the  price  is  li.  Ilrf. 


310rf.     Ascertain  tho  number  of  measures  (each  100  square  feet)  con-   ' 
tained  in  each  part  of  tho  building.     Measure  (he  height  of  each  part, 
nud  eiamine  the  building  with  care,     Knter  in  the  field  book  the  quality 
letter,  which,  according  to  the  tables,  determines  the  price  at  which  each 
measure  containing  10  square  feet  is  to  be  calculated. 

The  houses  are  la  be  carefully  Uttered  as  to  tlieir  age  and  quality.  Ad- 
dition or  deduction  Is  to  bo  made  on  account  of  unusual  finish  or  want  of 
finish,  etc.  Such  addition  or  deduction  is  to  be  made  by  adding  or  de- 
ducting one  or  more  shillings  in  the  pound  to  meet  the  peculiarity,  taking 
care  to  enter  ia  the  field  book  the  cause  of  such  addition  or  deduction, 

Enter  also  the  rent  it  would  bring  in  one  year  in  ao  ordinary  situation. 

If  anj'  doubts  remain  as  to  the  quality  letter,  examine  the  interior  of 
the  tmilding. 

In  meataring  buildingi,  tbe  external  dimensionB  are  taken  —  length, 
breadth  and  height— from  the  ievel  of  the  lower  fioot  to  the  eKVei.    Id 
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attic  stories  formed  in  the  roof,  lialf  Ibe  height  between  the  enves  and 
ceiling  is  to  ba  talieii  as  the  heigbt. 

Basement  aiories  or  cHlars.  Ijoth  as  dwellings  and  offices,  are  to  be  meas- 
ured separately  from  the  rest  of  the  building. 

Main  house  is  measured  lirst,  then  its  several  parts  in  due  form. 

EstenaiTC  or  complicated  buildings  should  have  a  sketch  of  the  ground 
plan  on  the  margin  of  the  field  book,  with  reference  niimbera  fiom  the 
plan  to  the  tield  book. 

//  a  town  land  boundarij  passes  tiirough  a  building,  measure  tlie  pari 


310«.  The  chief  circumstances  which  modify  the  tabular  value  are 
deliciences,  unsuitableness,  locality,  or  unusual  Balldity, 

Deficiences. — In  large  public  buildings,  sucli  as  for  internal  improve- 
ments, an  allowance  of  10  to  '"0  per  cent,  is  made ;  also  in  stables  and 
fuel  houses.  AVben  the  walls  of  farm  houses  e:tceed  8  or  12  feet  in  height, 
but  have  no  uppt^r  flooring,  tliey  should  not  be  computed  at  more  thnn 
8  feet,  except  in  the  cases  of  grain  houses,  factories,  barns,  foundries, 
etc.     The  full  heigbt  is,  however,  to  be  registered  in  each  case. 

(7nsui(a6Zfjitss.— Houses  fonnd  too  large,  or  superior  to  the  farm  and 
locality — where  there  are  too  many  offices  or  too  few. 

All  buildings  arc  to  be  valued  at  tbe  sum  or  rent  tlicy  would  reasonably 
rent  tor  by  the  year. 

Buildings  erccled  near  blencli  greens,  or  manufactories  which  are  now 
discontinued,  or  if  tbey  were  built  in  injudicious  situations,  should  be 
oonsidered  an  incumbrance  rather  than  a  benefit  to  the  land ;  conae- 
quenll}',  only  a  nominal  value  should  be  placed  ou  them. 

The  tabular  amount  for  large  coimtrr/  houses,  occupied  by  gentlemen, 
usually  exceeds  the  sum  they  could  be  let  for,  and  this  difference  increases 
with  the  age  of  the  building.     The  following  is  lo  correct  this  defect; 
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0.300 
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0 

0.350 

300  a 

nd  upwards, 

H 

0 

0.400 

Where  any  improvements  have  been  made  to  gentlemen's  houses,  oare 
should  be  taken  lo  ascertain  whether  any  part  of  the  original  house  was 
made  useless,  or  of  less  value.  If  so,  deduct  from  the  price  given  by  the 
table  as  the  case  may  require. 

Locality  includes  aspect,  elevation,  exposure  to  winds,  means  of  access, 
abundance  or  scarcity  of  water,  town  influence,  etc,  each  of  which  is  to 
be  ctrefully  coneidered  on  the  ground. 
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In  determiuiDg  the  value  of  buildings  immediately  adjoining  large 
tonns,  ascert&m  tlic  percentage  uliicb  tlie  town  raluntor  bus  added  to 
tbe  tabular  Tulue  of  these  on  the  limits  of  tbe  lonii  lot.  TLose  in  the 
town  lot  are  referred  to  another  beading,  as  will  nppear  from  sec.  310/. 

Solidity. — -In  large  mills,  storehouses,  fnclories,  elc,  well  built  with 
etone  or  brick,  anil  well  bonded  with  timber,  a  proportional  percentage 
should  be  added  to  the  tabular  value  for  unusual  solidity  and  finish, 
which  will  range  from  30  to  50  per  cent.  The  value  thus  found  maj  be 
checked  by  calculating  Ihe  tabular  value  of  the  ground  floor,  and  multi- 
plying this  amount  by  tbe  number  of  lloors,  not  including  the  attic 


SlOf.  In  valuing  bouses  in  cities  and  towns,  there  are'circumstaDcea 
for  consideration  in  addition  to  those  already  enumerated,  vii.,  arrange- 
ment of  streets,  measurement,  comparative  value,  gateways,  yards,  gar- 
dens, etc.  To  effect  this  object,  each  town  should  bo  measured  according 
to  a  regular  system ;  and  the  following  appears  to  bo  n  convenient  ar- 
rangement for  the  purpose: 

ArrBTigaaenl  of  slTeeis, — The  valuator  should  commence  at.  the  main 
street  or  market  square,  and  work  from  the  centre  of  the  town  towards 
the  suburbs,  keeping  the  work  next  to  be  done  on  his  rigbt  hand  side, 
measuring  the  tirst  house  in  the  street,  anii  marking  it  No.  1  on  his  held 
map  and  in  his  field  liook.  Afterwards  proceed  to  the  next  house  on  the 
same  side,  mniking  it  No.  2,  and  BO  on  till  he  completes  tho  measurement 
of  the' whole  of  the  hoiisea  on  that  side  of  the  street.  He  is  then  lo  turn 
back,  proceeding  on  tho  other  side,  keeping  the  work  to  be  done  still  at 
his  right  hand.  Tbe  main  street  being  jiiiished,  he  proceeds  to  measure 
the  cross  streets,  lanes  or  courts  that  may  branch  from  il,  commencing 
with  th%t  which  he  lirst  met  on  his  right  hand  in  his  progress  through 

main  street;  and  all  lanes,  courts,  etc.,  branching  from  it  are  measured 
in  like  manner,  observing  the  same  rule  of  measurement  throughout. 

Hailing  finished  the  Jirsi  main  ilreel,  with  nil  its  branches,  be  is  to  fake 
the  next  principal  street  to  his  right  hand,  from  the  first  side  of  the  first 
main  street,  and  proceed  as  in  the  first,  measuring  all  its  branches  as 
above. 

(Note. — Let  Clark  and  Lake  streets,  in  the  cil  j  of  Chicago,  be  the  two 
principal  streets,  and  their  intersection  one  block  north  of  Ihe  Court 
House,  the  principal  or  central  point  of  business.  Clark  street  runs 
north  and  south  ;  Lake  street,  east  and  west.  Nearly  all  the  other  prin- 
cipal streets  run  parallel  to  these.  IVe  begin  at  the  west  side  of  Clark 
and  north  side  of  Lake,  and  run  west  to  the  city  limits,  and  return  on 
the  south  side  of  the  street,  keeping  the  buildings  on  the  right,  to  Clatk 
street.  We  continue  along  the  south  side  of  Lake,  east  to  the  city  limits, 
and  then  return  on  the  north  side  of  Lake,  keeping  the  buildings  on  the 
right,  to  the  place  of  beginning.  Having  finished  all  the  branches  lead- 
ing into  this,  we  take  Ihe  nest  street  north  of  Lake,  and  measure  oa  the 
north  side  of  it  west  to  the  city  limits,  and  so  proceed  as  in  the  first  main 
street.  Having  finished  all  the  east  and  west  streets  north  of  the  first 
or  lake  street,  we  proceed  to  measure  those  east  and  west  streets  south 
of  the  first  or  Lake  street,  as  above.    We  now  proceed  t 


V  Google 


72b32 

north  and  soutli  gtreeta,  taking  first  the  one  next  west  of  Clarb.  and  run 
north  to  city  limits ;  then  return  on  the  west  side  of  the  street  to  Lake, 
and  continue  south  to  the  citj  limits ;  return  on  the  east  side  of  the 
street  to  the  pl&ce  of  beginning.    Thus  continue  through  the  whole  cit;,] 

In  measuring  building),  the  front  dimensions,  and  that  of  returns,  is  set 
in  the  first  column  of  his  book,  the  line  from  front  to  rear  is  placed  in 
the  second  column,  and  the  height  in  its  own  place. 

In  offices,  the  front  is  that  on  which  the  door  into  the  yard  is  situated. 

In  house)  teitk  garrets,  measure  the  height  to  the  eave,  and  set  in  the 
field  book,  under  which  set  the  aililition  maile  on  account  of  the  attic, 
and  add  both  together  for  the  whole  height. 

Every  house  haring  but  one  outside  door  of  entrance,  is  to  be  num- 
bered as  one  tenement.  Where  there  are  two  doors,  one  leading  to  a 
shop  or  aiore,  to  which  there  is  internal  access  from  the  house,  the  whole 
is  to  be  considered  as  one  tenement;  but  if  the  shop  and  other  part  of 
the  house  be  held  by  dilTerent  persons,  the  Talue  of  each  part  should  be 
relumed. 

Where  a,  number  of  houses  belonging  to  one  person  are  let  from  year 
to  year  to  a  number  of  families,  each  house  is  to  be  returned  as  one 
tenement. 

Buildings  in  the  rear  of  others  in  towns  are  to  be  Talued  separately 
from  those  in  front. 


310y.  In  towns,  a  shop  for  the  sale  of  goods  is  the  most  yaluablo  part 
of  a  bouse  ;  and  any  house  having  much  front,  and  afl'ords  room  for  two 
or  three  shops,  is  much  more  valuable  than  the  same  bulk  of  house  with 

When  a  large  house  and  a  small  ono  have  each  a  shop  equally  good, 
the  smaller  one  is  more  valuable  in  proportion  to  its  cubical  contents,  as 
ascertained  by  measurement,  and  a  proportionate  percentage  should  be 
added  to  the  lesser  building  to  suit  the  circumstances  of  the  case. 

Where  large  homes  and  small  mean  ones  are  situated  close  to  each  other, 
.  the  value  of  the  small  ones  are  advanced,  and  that  of  the  large  ones  les< 
sened.     In  such  cases,  a  proportionate  allowance  should  be  made. 

Stores  (marehouses)  in  large  tovns  do  not  admit  of  so  great  a  difference 
for  situation  as  shops — a  store  of  nearly  equal  value,  in  proportion  to  its 
bulk,  in  any  part  of  a  town,  unless  where  it  is  adjoining  to  a  quay,  rail- 
way depot  or  market ;  then  a  proportionate  additional  value  should  be 
added. 

Galeaaj/s, — In  stores  or  warehouses  in  a  commercial  street,  where 
there  is  a  gateway  underneath,  no  deduction  is  made. 

In  shops  or  private  dwellings,  a  gateway  under -the  front  of  the  bouse  is 
a  disadvantage,  compared  to  a  stable  entrance  from  the  rear.  la  such 
cases,  a  proportionate  deduction  should  be  maije  on  account  of  the  gale- 

/n  meatnring  galetnaya,  take  the  height  the  same  as  that  of  the  story  of 
which  it  is  a  part. 

Faiiagea  in  eommon  are  treated  similar  to  gateways. 

Where  any  addition  or  deduction  is  made  on  account  of  gateways,  it 
ehonld  be  written  in  full  at  the  end  of  the  other  dimensions,  so  as  to  be 
added  or  subtracted  as  the  caae  may  be. 
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Where  deduclumi  are  macie  on  account  of  want  of  finish  in  any  house, 
Btflte  the  nature  of  tlie  wants,  and  wbere  required. 

Stores  do  not  want  the  reiluctiona  for  large  amount,  wliicb  has  been 
(lireofed  in  the  case  of  gentlempn's  country  seats. 


3104.  In  Urge  tjiwns,  the  open  yard  is  equal  to  half  the  area  coiered 
by  the  buildings ;  if  more,  an  aililitional  value  is  added,  but  subtracted 
if  less.     AUowanoe  is  made  if  Ihe  yard  is  detached  or  difficult  of  access. 

The  quantity  of  land  occupied  by  the  streets,  houses,  offices,  warehouses, 
or  other  back  buildings  belonging  to  the  tenements,  together  with  the 
yards,  is  lo  be  entered  separately  at  the  end  of  the  town  lots  in  which 
they  occur,  the  value  of  such  In.nd  being  one  of  the  elements  considered 
in  determining  the  value  of  tlie  houses,  etc. 

A  timber  yard,  or  eommtrdal  ;/ard,  is  to  be  valued.  If  lar^e,  state  the 
area,  and  if  paved,  etc.,  the  Icincl  of  wall  or  enclosure,  and  if  any  offices 
are  ia  it,  their  value  is  to  be  added  to  that  of  the  yard. 

Qardtm  in  toions. — In  towns,  the  yards  attached  lo  the  houses  are  to 
be  considered  as  one  tenement;  but  the  garden,  in  each  case,  is  to  be 
surveyed  separately,  and  not  included  in  tbe  value  of  the  tenement.  The 
gardens  in  towns  are  to  be  valued  as  farming  lands  under  the  most  favor> 
able  ci 


310i.  Ascerlain  the  vents  paid  for  some  of  the  houses  in  different 
I>ai(s  of  the  city.  This  will  enable  one  to  determine  tbe  tabular  increase 
or  decrease. 

As  it  is  belter  to  have  a  house  rented  by  a  lease  than  by  the  year  or 
half  year,  therefore  a  difference  is  made  between  a  yearly  rent  and  a 
loasG  rent:  for  a  new  house,  two  shillings  in  tiie  pound  in  favor  of  the 
lease  rent;  for  a  medium  bouse,  about  three  shillings  in  the  pound;  and 
for  an  old  house,  about  four  shillings  in  tbe  pound. 

In  all  housei  lehose  annual  value  is  under  ten  pounds,  the  rent  from  yeiir 
lo  year  is  higher  in  proportion  to  the  cubical  contents  than  in  larger 
houses  let  in  the  same  manner,  but  the  risk  of  losing  by  bad  tenants  is, 
greater  for  small  houses,  therefore  in  reducing  such  small  houses,  when 
let  by  the  year  or  half  year,  (o  lease  rents,  five  shillings  in  tbe  pound  at 
least  should  be  deducted, 

la  villagea  and  small  market  towns,  an  addition  of  twenty-five  per  cent, 
•o  the  prices  of  the  tables  will  generally  be  found  sufficient. 

In  moderate  sized  market  towns,  the  prices  given  in  tbe  tables  may  be 
Irebled  for  the  best  situations  in  the  main  street,  near  tbe  market  or 
principal  business  part  of  the  town  ;  and  in  the  second  and  third  classes, 
tlie  prices  will  vary  from  one  hundred  to  fifty  per  cent,  above  the  tables ; 
and  in  large  market  towns,  the  prices  for  houses  of  the  first  class,  in  the 
best  situations,  will  be  about  three  and  one-half  times  those  of  the  tables. 

/n  dividing  the  streets  or  houses  of  any  town  into  classes,  the  valuator 
1",  in  the  first  instance,  to  fix  on  a  medium  situation  or  street,  and  having 
ascertained  the  rents  of  a  number  of  houses  in  it,  he  is,  by  measurement, 
to  determine  what  percentage,  in  addition  lo  the  country  tables,  should 
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be  made,  bo  sito  produce  resnlts  similar  to  theaTcritge  of  the  ftscertamed 

Saving  determined  the  percentage  to  be  added  to  the  price  giten  in  the 
tables  for  houses  in  medium  situntinns,  the  stiiDdiird  for  the  lonn  nboal 
t,o  be  Tslued  ■aia.j  he  considered  as  formed  ;  nnd  from  this  standard,  per- 
eenlagea  in  additioa  are  to  bo  made  for  belter  and  best  (.jtiiations,  or  for 
any  number  of  superior  olusees  of  houses,  or  of  Hiluations  which  the  siie 
of  Ihe  town  niitj  render  neeessurj. 

In  tonus,  the  front  is  Ihe  most  invaluable,  tlierefore  value  Ihe  front 
and  renr  of  tbe  building  separately,  so  as  lo  make  one  gross  amounl. 
It  ia  impossible  to  delermine  aocui'alely  the  proportion  between  the 
Talue  of  tbe  front  and  rear  buildings;  but  it  has  been  found  that  in  re- 
TJBing  the  Taliifttions  of  several  towns,  Ihat  Ihe  proportion  of  five  to  three 
was  applicable  to  the  greater  number  of  Louses  in  good  sittiations  ;  that 
is,  the  country  price  giren  by  the  tables  should  be  multiplied  by  five  for 
(he  front,  and  three  for  the  back  buildings,  stores  and  ofKees, 


310y  Ascertain  the  viibin  of  ihe  water  power,  lo  which  add  that  of 
Uie  buildings. 

A  koTiepoaer  is  that  which  is  capable  of  raising  33,000  pounds  one 
foot  high  in  one  minute. 

TAe  Aerae-jiiowe'' o/'o  sirtom  is  determined  by  hoTing  the  mean  velocilv 
of  the  stream,  the  sectional  ai-ea.  and  tbe  full  per  mile. 

The  fall,  is  the  height  from  the  centre  of  tbe  column  of  water  to  the 
level  of  the  wheel's  lower  periphery.  The  weight  of  a  cubic  foot  of 
water  is  G2.25  pounds. 

Total  vreight  discharged  per  minute  -:=  V  •  A  ■  (i2.:i.j.  Here  A  =  sec- 
tional area,  and  V^menn  velocity  in  feet  per  minute. 

A  body  falling  through  a  given  space  acquires  a  momentum  capable  ut 
raising  another  body  of  equal  weight  to  a  similar  height;  therefore,  thetotnl 
weight  discharged  per  minute,  multiplied  by  theinoi/u/usof  the  wheel,  aad 
this  product  divided  by  83,000  pounds,  will  givo  tbe  required  horsepower. 

Modulutfor  overebot  wheel 0.75 

"         "    breast  wheel,  So.  I,  with  backets liU 

•'         ■■         '■  ■'       No.  -i,  with  float  boards 65 

■■    turbine .KJ  to  78 

'■    undershot  wheel -JS 

Note. — James  Francis,  Esq.,  C.E,,  Lns  found  at  Lowell,  Massnchusutls, 
as  high  as  90  to  04,  from  Boyden's  turbines. 

Fourneyron  and  D'Auibnlson  give  tbe  modulus  for  turbine  of  ordinary 
Bonstraction  and  well  run  =0.70. 

To  meamre  the  velocity  ol'  a  stream.  Assume  two  points,  as  A  and  B, 
528  feet  apart ;  take  a  sphere  of  wax,  or  tin,  partly  filled  and  then  sealed, 
BO  as  (0  sink  about  ooe-tliird  in  the  w«ter;  drop  the  sphere  in  the  ceuire 
of  the  water,  and  note  when  it  comes  on  the  line  A-A.  and  on  the  line 
B-B.  A  and  A  may  be  on  opposite  aides  of  tlie  river,  or  on  the  river,  or 
on  the  same  side  at  tight  angles  lo  the  thread  of  Ihe  stresm.  Lei  the 
time  ID  passing  from  tho  line  AA  lo  the  line  BB  be  six  minutes.  Thin 
as  six  mio. :  528  a  :;  60  niin.  to  r,L>80  ft. ;  that  is,  the  measured  suiface 
velocity  is  one  mile  per  hour. 
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M.  Prony  gives  V  =  surface,  W^  bottom.  »ndU  =  inea 
U  =  O.SO  V  =  mean  velocity, 
W  =  0.60  V  —  bottom  Telocity  ; 

therefore,  as  6  minutea  gives  a  surface  velocity  of  88  ft. ; 
b;  0.80,  gives  70.4  ft.  per  minute  us  the  mean  velocil;. 

310i,     The  follovfing  may  serve  as  an  example  for  enl 
calculatioii : 


T2bS5 
n  velocity,  and 


»^       ;„ 

u. 

iA    Brea.t   ^ 

Vhee,., 

Mean  leloc 
elream  pe 

ty  of; 

i    In  trough 

tiMml 

a« 

Depth  Of  do 

,       |ia 

For  undershot  vrheete,  the  dnta,  arc  as  follon  : 

10      Ixpthotiio 

sa-gs  Weight  of  e 
2-78  H.ight  of  fi 
■S3      Sloduhis, 


^ 

. 

,.. 

Dluaeter  of  wheel. 

Id 

Braidtbof  flokthoaid, 

Depth  of  do., 

Velodtj   of  itrum    per 
minute. 

"•X"" '"•'"•'■ 

Depth  of  do.  under  wheel, 

310;.  It  ia  to  be  observed  that  tbehor^e-pc 
tncQt  of  a  bucliet-ivheel  may  be  found  iu  sod 
than  that  from  the  velocity  and  fall  of  water,  i 
should  be  left  in  the  buckets  for  tlie  Pacape  o 
tlie  natei. 


?r  deduced  from  mei 
instances  ruther  greater 
it  is  necessary  that  space 

ilent 


When  a  backet-wheel  is  well  constructed,  multiply  the  cubic 
of  water  discharged  per  minute  by  .001325,  and  by  the  fall ;  the  prodm 
will  be  (he  effective  horse-power  approximately. 

''or  (urbinei,  the  effective  cubical  caateut  of  vrater  diaaharged  per  mil 
ute  multiplied  by  the  height  of  the  fall,  and  divided  by  700,  will  be  equi 
(e  the  effactive  borae-pawar. 
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I  foot  per  second,  is 


72b36 

Jn  praeliee,  tweWe  cubio  feet  of  water  falling  o 
couBidered  eqaal  to  a  borse-power. 

When  the  water^is  supplied  from  a  rMSmoir,  and  iliscliftrged  through  ft 
slaice,  measure  from  the  centre  of  tbe  orifice  to  the  surface  of  tlie  'na.ter, 
and  note  the  dimenaions  of  the  orifice. 

Head  of  ifater.— The  velocity  due  to  a  head  of  -water  is  equal  io  thnt 
which  a  heavj  body  would  acquire  in  falling  through  a,  space  equal  Io 
Ibe  deplii  of  the  oriiice  below  the  free  surface  of  the  fluid ;  that  is,  if 

V  =:  velocity,  and   M  =  l(ii5  feet,  or  the  space  fallen  through   in  one 
second,  and  H  =  the  height,  the  relocity  may  be  represented  thus: 

V  =  2  [/  M  H ;   thus  the  natural  velocity  for  .09  feet  head  nf  water 
will  be  V=r2V  (ISi's  X  ■09)4  =  2.4   feet  per   second.     In   practice, 

V  =  8(/H.     Tbe  effective  velocity  =  five  times  Uie  square  root  of  the 
height.     (See  sec.  312.) 


aiOni.  The  water-power  is  to  be  valued  in  proportion'as  it  is  used,  and 
the  time  the  mill  works. 

One  horse  running  twenty-two  hours  per  day  during  the  year,  is  valued 
at  £1  15*.  This  amount  multiplied  by  the  number  of  horses'  power,  will 
give  the  value  of  the  water-power. 

The  annexed  table  is  calculated  with  reference  to  class  of  maoliincry 
aad  lime  of  working. 


Quiiity 

Number  uf  Working  Hours. 

UicblDery. 

8 

10      ^       12 

14 

16 

18     j     aj 

2-i 

New 

Medium,  ... 

s.    d. 

13  3 
12  0 
10  6 

I.    d. 

18  6 
IG  9 
15  0 

21  0 

18  9 

1.  d. 

26  9 
24  8 
21  6 

28  9 
26  0 
23  3 

30  9 
27  9 
24  9 

1.  li. 

29  6 
20  6 

35  0 

ai  (i 

28  0 

In  this,  two  hours  are  allowed  for  contingencies  and  change  of  men. 

The  higliest  proportionate  value  is  set  on  14  hours'  work,  as  during 
I  bat  time  sufficient  water  can  be  had,  and  one  set  of  men  can  be  sufficient. 

Where  the  supply  of  water  throughout  the  year  ia  not  the  same,  the 
valuator  is  to  determine  for  each  period  by  Ihe  annexed  table. 




Description  of 
Class  of  Mach 

"ery 

A, 

Working  Time. 

Value  of 

,„,..., 

Power. 

Sam  bet  or 
pet  Yesr. 

Number  of 

9 

6 

8 
4 

22 
12 

£      I.     d. 
10   10    0 
2     t>    6 

For  8  months  the  full  power 
of  the  wheel  is  need,  but  for  the 
remaining   4,   not  more   than 
two-thirds  of  the  water-power 
can  be  calculated  on. 

12   10    6 
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Where  a  mill  is  workeJ  part  of  the  jear  by  mater  and  another  part  by 
;ara,  care  must  be  taken  to  determine  that  part  worked  by  water,  and 
so  to  yalue  the  machinery,  aa  it  aometimes  happens  that  the  mill  may 
one  quality  lettei'  and  the  machinery  anotber — higher  oc  lower. 


^ilOji.  The  wheel  may  be  unsuitable  aad  ill-contiived ;  the  power  may 
hK  injudiciously  applied ;  the  avipply  may  be  scarce,  mny  overflow,  or 
have  backwater. 

In  gravity  wheels,  the  water  should  act  by  its  own  weight — the  prin- 
ciple upon  wbicli  its  maximum  action  depends  being  that  the  water  should 
enter  the  wheel  without  impulse,  and  should  leave  it  without  velocity. 
The  water  eh otild,  therefore,  be  allowed  to  fall  through  such  a  space  as 
will  give  it  a  velocity  equal  to  that  of  the  periphery  of  the  wheel  when 
iu  full  work,  thus :  if  the  wheel  move  at  the  rate  of  five  feet  per  second, 
the  water  must  fall  on  it  through  not  less  than  two-flfths  of  a  foot ;  for 
tlie  space  through  which  a  falling  body  must  move  to  acquire  a  given 

■  4  ai  ~'  'i'J783a 


velocity  is  expressed  thus 

For  niilla  situate  in  inland  towns  of  considerable  importance,  such  as 
Armagh,  Carlow,  Kavou,  Kilkenny,  etc.,  in  a  good  wlieat  country,  where 
wheat  can  bo  bought  at  the  null,  and  the  ilour  sold  there  also,  five  shil- 
lings in  the  pound  may  be  added  on  the  water-power  for  the  advantage 

The  vicinity  of  such  towns,  say  within  three  to  four  miles,  may  be 
called  an  ordinary  situation.  Eeyond  this  distance,  where  the  wheat  has 
lo  be  carried  from,  and  flour  (o,  the  market,  the  water-power  gradually 
decreases  in  value ;  and  iVom  such  a  town  to  ten  milea  distance  from  it, 
the  water-power  muj  be  rated  according  to  the  following  table. 


(     0  0      "  "       10  and  upwards. 

Beyond  ten  miles  from  a  good  local  market,  a  fiour  mill  can  rarely  re- 
quire percentage  for  market. 

But  ihi$  Tide  n/  inereage  docs  not  apply  to  small  mills,  such  as  flour  mills, 
where  only  one  pair  of  millstones  is  used;  in  this  case,  only  half  the 
ttlmve  percentage  is  to  be  added  within  three  miles  of  a  large  town;  be- 
yond that  distance,  no  addition  is  to  be  made. 

Ill  the  case  of  bleach  miiis,  they  should  be  as  near  to  their  purchasing  or 
eiport  market  as  flour  or  corn  mills,  and  the  valuator  should  make  de- 
ductions for  a  remote  sitoalion,  especially  where  the  chief  markets  for 
buying  liueu  are  distant,  or  add  a  percentage  to  the  water-power  where 
the  situation  has  unusual  advaotages  iu  these  respects. 
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In  afiax  mill,  each  stock  is  eqiiivolent  to  one  horse-power.  The  bruis- 
ing mtLchine  of  three  rollers  ^^  1}  stocks. 

The  numlieriiig  of  horse-poner  in  the  mill  may  tlius  be  oounled.  a,ui] 
the  value  aBoertalned  from  the  table  for  horsepower  from  sec.  310/. 

In  spinning  millt,  the  horse- power  ninj  be  determined  from  the  number 
of  spindles  driven,  and  the  degree  of  fineness  spun,  (or  in  every  spinning 
mill  the  maohioerj  is  constructed  to  Rpiii  within  cei'tain  range  of  fineness. 
Therefore  ascertain  the  range  of  fineness  and  number  of  spindles. 

Yarn  is  distinguished  by  the  degree  of  fineness  to  which  it  is  spun,  aiid 
known  by  tie  number  of  leas  or  cuts  whicii  il  yields  to  the  pound. 
One  le*  or  out  ^  800  lineal  yards. 

12  leas  =  1  hank  ;  200  lens  =  16  hanks ;  and  8  leas  =  1  bundle  = 
COOOO  yards. 

Lus  to  the  pound.  No.  of  Splnillts. 

Prom    2  to      '4,  40  throstles  requii'e  one  borse-poner. 

From  12  to    30,  tiO         "  '■         "  " 

From  70(0  120,         120 

In  coilon  tnilU,  the  throstie  spindle  is  used  for  fhp  coarser  yarns,  and 
for  the  finer  kinds  the  mule  spindle- 
Leu  (o  the  pound.  So,  of  SpindlKS, 

From  10  to  80,  180  Ihrostles  equal  one  horse-power. 

From  10  to  .'>0,  AOO  mules 

In  bUacMny  milts,  ascerlain  llie  number  of  beetling  engines  ;  measure 
the  length  of  the  wiper  beam  In  each,  together  with  tlie  length  of  beelles. 
and  their  depth,  taken  across  the  direction  of  the  beam ;  also  the  height 
the  beetles  are  raised  in  each  stroke. 

From  these  data,  the  horsc-poHer  of  such  engine  can  be  found  by  ia- 
apection  of  the  table  calculated  for  this  purpose.  Ascerlain  the  number 
of  pairs  of  washing  feel,  and  if  of  the  ordinary  kind ;  the  pairs  of  rub- 
boards,  starching  mangle,  aqueeiing  machine,  calender,  or  any  other 
machine  worked  by  water,  and  .'^tate  the  horse-power  necessary  to  work 

The  standard  fur  a  hunt-power  in  a  beetling  mill  is  taken  as  follows: 
Beam,  furnished  with  cogs  for  lifting  the  beetles,  10  feet  long.  The  wiper 
beam  makes  iiO  revolutions  in  a  mioule;  and  being  furnished  with  two 
seta  of  cogs  on  its  circumference,  ruses  the  beetle  60  times  per  minute, 
working  beetles  4  feet  4  inches  iu  length,  and  3  inohea  in  depth,  from 
front  to  rear,  making  30  revolutions  per  minute,  or  lifting  the  beetles  fll) 
times  in  a  minute  one  foot  high,  ia  equal  to  om  hone-power.  This  includes 
the  power  necessary  to  work  the  traverse  beam  atul  guiilc  slips,  which 
retain  the  beetle  iu  a  perpendicular  position. 

Taking  the  wiper  beam  at  10  teet  long,  and  height  lifted  as  1  foe'- 
Hiaking  30  revolutions  per  minute,  the  following  table  will  show,  by  in- 
spection, the  proportionate  horse-power  required  to  raise  beetles  of  other 
dimensions  60  feet  in  one  minute,  assuming  the  weight  of  a  cubic  foot  of 
dry  beach  wood  =  712  ounces. 

When  the  engine  goes  faster  or  slower,  a  proportionate  allowance  must 


V  Google 


Inches 

lENItU  Of  BUTLX. 

froS 

Ft.  In  JEt,  In.|Ft.  InjEl.  In.|Ft.  In.lFt.  In.lFt.  In.lFt.  In.lFt  lo.lFt  iD.lFt  In. 

l«nw 

4     4|  4     fl  |4     8  |4    10|6    0|  6     2      S     4  |  S     fl|  6     8  |6    lOJ  8     0 

NnnilKi-orn<irf<eIN]ner. 

1.16    1.20 

1  ^4 

1  w 

I  33 

1  36 

P 

1  07 

1. KM  1.14 

1.18    1.22 

1.26    1.30 

1.34 

i,;« 

1  46 

1.27    1.32 

l.;!6    1.40 

1  +> 

1,411 

l.fiS 

1  r.4 

1  AK 

1  <i!! 

1  !11 

1.36  i  1.41 

1.45    1.60 

l.r.6!  1.(10 

i.nr. 

1.70 

1.7S 

l.HO 

3 

1.54    1.69 

1.64    1.70 

1  ;» 

IfiO 

1  Sfi 

l.ltl 

1.48 

1.53:1.58 

1.64    1.G9 

1.76  1 1.80 

1.85 

1  Ul 

1.97 

2.0B 

From  tLia  tabic  it  iippaars  thai  a  ten  feet  wiper  beiivn.  liiiTing  its  bcetleE! 
four  inches  in  ilepth,  five  I'eet  long,  and  to  lift  those  beetlea  one  foot  high 
siitj  times  in  n  minute,  woulil  require  the  power  of  one  and  one-half 


n  ten  feet  in  length,  or  if  the  lift 
foot,  0,  proportionate  addition  or 


If  the  wiper  Warn  he  more  oi-  less  tha 
of  the  beetles  be  more  or  less  than  one 
ilediictiuu  shonid  he  motle. 

The  foUoning  i.^  given  to  assist  the  valuator  in  determining  the  taiue 
uf  the  ntlier  machinery  in  a  bleaching  milt : 

One  pair  of  rnb-bonrils,  =  O.i'i  to  0.7  horse-power. 

■■    slarcliing  mill,  1  "' 

"    drying  and  squeezing  machine.         1 
■'    pair  of  wash-feel,  1.5  to  2  " 

■■    calender  (Tiirious),  "•  to  8  " 

In  heeding  mills,  the  long  engine,  with  a  tec  feet  wiper  beam,  is 
considered  the  mo.nt  eligible  standard  for  compnttng  the  water-po«er. 
Bueh  a  beam,  having  beetles  fonr  inches  long  and  three  inches  deep,  is 
equal  to  one  hor.se-power.  On  these  principles,  the  value  of  water-power 
may  be  ascertained  frum  the  table,  sec.  310(. 

SlOp.  /njitJui-  Mills,  the  power  necessary  to  drive  the  machinery  night 
iiud  day  for  the  year  round,  has  been  determined  as  follows; 

The  giiuding  portion,  or  flour  millstone?,  have  been  considered  to  re- 
qoire,  lor  each  pair,  tour  hoises-power.  The  flour  dressing  machine  of 
ordinary  kipd,  logelher  with  the  screens,  sifiere,  etc.,  or  cleansing  raa- 
ciiinery,  require,  on  an  average,  fonr  liorses-power.  Sonie  macbines,  how- 
ever, from  their  siie  and  feed  with  which  they  are  supplied,  will  require 
more  or  less  than  four  horses-power,  and  should  be  noted  by  the  valuator. 
Every  dressing,  screening  and  clennaing  machine  is  equal  to  one  pair 


{NoTK. — In  Uliicuso,   ten  horses  power  is  estimated   for  on» 
Btones,  together  with  all  the  elevating  and  cleansing  machinery. - 

The  following  table  has  been  made  for  one  pa 
fonr  inches  diameter,  for  one  year; 


New,  A 
Old,  C 


Number 

fW-rk 

m  llnun 

per  Pay 

8. 

10. 

12.     I      14. 

VS. 

18. 

».      !      22. 

£      ,,     ,1 

s.   >.  d 

i    *.  ,1 

t    „.  d 

e  Jl.  <i 

£  I.  a 

iH.  ;. 

2  18  ( 

3  14  1 

4  13  (! 

j     7  (1 

r,  15  t 

6     3  0 

0  12  Q;7     0  0 

2    8  0 

3    7  y 

4     4  (1 

4  17  0 

5    40 

5  11  0 

5  IS  0|l}    Q  0 

-     -' 

■■•>     II  0 

■\  15  0 

1     6  0 

4  13  0 

4  19  0'5    6  0|5  12  0 
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72b40  RttlFnTH'S  svstkm  of  valuamon. 

If  more  thnn  one  pnir  of  milbtonoH  be  useil  in  thu  mill,  multiply  tlie 
Bb»Te  by  the  number  of  pairs  usually  worked,  and  if  they  are  more  or 
less  than  four  feet  four  inches  in  diameter,  make  a  proportional  increase 
or  decrease. 


In  flour  mills,  tlie  valuator  vill  state  the  kind  of  a 
French  burrs,  their  diameter,  the  number  worked  at  one  time,  the  n' 
ber  of  months  they  are  Trorkcd,  the  number  of  months  that  there  is  a  good 


Class  of  Machinery, 

A. 

Hi 

S 

Working  Time. 

,.,.. 

0 
0 
0 

JlantliB    Uaurg 
perVear.  psr  Dsy 

1 

4 

i 
1 
Only 

c        -i-h 

3      ;     Ilj 

3           10 

use<]  wlien  oue 

pairs  of  stones 

14     1) 
%  18 
II  18 

In  this  mill  there  iire  five 
pairs  of  Btones,  one  pair  al- 
ways up,  being  drosaeil ;  ma- 
chine and  screens  and  sifters 
only  used  when  one  or  two 
pairs  of  s(«nes  are  stopped, 
and  not  worked  in  summer, 
except  one  or  two  days  in  the 
week.    Two  sets  of  elevators 
usedalongwiththemillstones. 

are  thi 

17  111 

0 

Description  of  Mill, Flour  Mill. 

Class  of  Machinery B. 

If 

1 

Kaof 

■! 

1 

g  Time. 
Nn.  of 

ValBBOf                             ^^          ^ 

■l-l 

4       J     0 
0      n      II 
0     U     0 
•1     Vi     Kl 

In  tbis  mill  there  are  three 
pairs  of  stones— one  pair 
Boneraliy  up,  two  driTen  for 
four  months  along  with  ma- 
chines, screens  and  sifters, 
nnd  one  for  one  month  with 
them   also;    during  three 

8       2     0 

during  (be  other  four  months 
there  is  no  work  done.  One 
set  of  elevators  used  along 
with  the  millstones. 

ig.   In  caUmal  mills,  one  pair  of  grinding  atones  reiiuire  three  horacs- 
r;  one  pair  of  shelling  stones,  fans  and  sifters,  retjuirc  two  horses- 
r.     Elevator  is  taken  at  one-eighth  of  the  power  of  the  stones. 
5  following  table,  for  one  pair  of  millstones  for  one  year,  ia  to  be 


,a  tho  table  for  flour  i 


ills : 
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Medium,  B. 
Old.  C 


2    0  0 
1  10 

1   12  0 


16  03  10  0 
10  0 
2    6  0:2  16  O: 


3     4  03 


4    6  0 

18  0 
10  0 


4  la  04  10  0 
04    9  0 
3  14  03  19 


4     4  0 


310r.  In  corn  mills,  nscGrtain  tba  number  of  paira  of  grindin);  and 
shelling  millstones  and  otlier  machinerj'.  and  note  the  time  eacb  il 
worked.  Wliere  tbere  are  two  paira — one  of  which  is  need  for  grinding 
and  the  otber  for  shelling;  if  there  be  faaa  and  sifters,  the  shelling  and 
sifters  is  =  to  two  horses'  power  t=  two-thirds  of  a  pair  of  grinding 
atones.  Where  one  pair  is  used  to  shell  and  grind  altematelj,  it  is 
reckoned  at  three-fourths  pair  of  grioding  atones,  unless  the  fans  and 
sifters  be  used  at  the  same  time.  In  this  case  they  will  be  counted  aa 
aeven-cightha  pair  of  stones.  Where  there  are  two  pairs  of  grinding, 
witb  one  pair  of  shelling  with  fans  and  eiftera,  the  water  power  is  equal 
to  two  and  two-thirda  pairs  of  millstoaea ;  but  if  one  pair  is  idle,  then  tba 
power  =  one  and  two-thirds  pairs  of  grinding  millstones,  etc. 


Descriptio 

nof  J 
nchi 

nil,,... 

Corn 

Mill. 

MUlBtOIKS, 

» 

Worht 

g-nme. 

Vslne  or 
WMm-[iow»c, 

OriDdl'ti 

Shelling 

Shsllini 

perY«r 

p.rD.7 

2 

1 

1 

1 

' 

8 

4 

22 

12 

intor*,. 

£     ..     d. 
9    6    0 
1  19    0 

Intblsmllltfacnui 
Bnd  tineri.      Ilniw- 
grinding  FUinfic  and 

11     6     0 
1     8    0 

L2  13     0 

Millstonei., 
No.  ofPiJr.Wnrk»d. 

M 

Wort  In  g  Time, 

T,lu,of 
Wat«r-po"«r. 

OianMtioB,. 

Siiadl-f 

Sbillliig 

UritiUi'g 
Shtuing 

psrVj 

1 

1 

1 
1 

- 

6 
3 

16 

7 

3  18    e 
0   12    0 

In  this  mill  there 
are  two  pairs  of 
stones,    but   no 
fans,  sifters,  or 
elexators. 
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FORM  No,  3. 

Description  of  1 
CWfs  of  Jraohin 

iill Corn  Mill.                     ; 

"^S c.                     ! 

ND.<rfiill«W«kefl. 

s* 

Working  Time. 

™„«of 

6Hi.a"r« 

,^l 

"Na  .V 

nrindre 

Shemnj. 

J^'Jir? 

r^'X^"-'. 

p<;r&.y. 

1     0 

In  iWs  r.ill  lliere  nre 
two  pairs  of  ftonts, 
only  one  piiir  cmi  he 

worked   at  a  time: 

4 

0    0 

there   are  fivna  »nJ 

Biner»  in  use.  b<it  no 

ele.otors.    Tliis  mill 

works  merely  for  tlie 

xiipply  of  Ihe  neifili 

borhood,  and  is  dis- 

tant four  milos  fi-om 

a  mnrket  town. 

Wlien 


^  tlie 


one  Rith  tke  other. 

Three  stocks  in  i  Bni  mill  is  erinal  to  the  povfor  necassnry  lo  work  a 
pair  of  millstones  in  a  corn  mill.  Note  the  quantily  ground  imnunlly  as 
&  further  check,  for  it  lias  been  asi:ertaincd  that  a  bushel  of  corn  requires 
B  force  of  ^l,.5O0  lbs.  to  grind,  the  stones  being  about  5  feet  in  diameter, 
and  making  95  reTolutions  per  minute. 

3\fl».  In  fintt  it  should  be  borne  in  mind,  that  for  each  separate  tene- 
ment a  similar  oonclusion  is  ultimately  to  be  arrived  at,  \ii..,  that  the 
Talue  of  land,  buildings,  etc.,  as  [he  case  may  be,  nheu  aet  foilli  in  the 
column  for  totals,  is  the  rent  which  a  liberal  landlord  would  obtain  from 
a  solTenl  tenant  for  a  term  of  years,  (raies,  tazen,  etc.,  beiag  paid  hy  the 
tenant;)  and  that  tbifl  rent  ti as  been  so  adjusted  with  reference  to  those 
of  surroanjing  tenements  that  the  assessment  of  rates  uay  be  borne 
erjuably  and  rehitivcly  hy  alt. 

The  valuator,  therefore,  should  enileavor  to  carry  out  fairly  the  spirit 
of  the  foretioiiig  iustructions.  which  Imre  been  arranged  with  a  view  to 
promote  siniilaiil.y  of  system  in  cases  whicli  require  similarity  of  judgment. 

As  it  may  appear  difficult  to  apply  Oriflith's  System  of  Valuation  to 
Auiericaa  cities,  on  account  of  tbe  number  of  f^'ame  or  wooden  buildings, 
ne  give  a  t:ible  at  p.  T2b53,  showing  the  compnrndve  value  of  frame  aai 
brick  houses.  All  the  surveyoi's  and  land  agent.'',  to  whom  ive  have  shown 
and  cuptained  lliis  system  of  valuation,  liave  approved  of  It,  and  expressed 
a  hope  of  I'eiun);  yiteh  a  syxteni  take  Ihe  place  of  Ihe  prei'i'nt  hit  or  miss 
valuiilions,  too  often  made  by  men  who  afc  uiiakilled  in  the  first  luJi- 
nients  of  ."urvcjiiig  iind  architecture. 
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ANNUAL  TALUE  OF  HOUSES  IN  THE   COUNTRY. 


I.— SLATED   HOUSES, 


Height 

^+ 

* 

- 

B+ 

» 

B 

- 

<> 

f 

_" 

«- 

Pt  inch 

.      d 

t    d 

1      d 

>     d 

T 

7" 

d 

d 

>j 

A 

6  0 

0    5 

0     6 

0    4} 

0 

0 

31 

^i 

0    5 

0     ^! 

0    4i 

0     f 

0 

0 

3„ 

2i 

0    5 

0   h] 

0    6 

0    4J 

0 

0 

% 

1 

21 

U 

0     6 

0     5, 

0    5 

0    4, 

0 

0 

n 

3 

-h 

3i 

7  0 

0    6j 

0     5] 

0     51 

0    4| 

0 

0 

4 

31 

u 

0     b„ 

0     8 

0    61 

0    5 

0 

0 

4 

P 

n 

0     61 

0     6j 

0   fi; 

0    5 

0 

0 

*\ 

0 

3 

8 

0     bi 

0     6, 

0    b 

0    51 

0 

H 

0 

i\ 

0 

3 

3 

8  0 

0  n 

0    6 

0    0 

0    51 

0 

0 

4„ 

0 

4 

3 

u 

0    7 

0     (,, 

0     (\ 

0    5' 

0 

0 

^\ 

0 

4 

^ 

0    7> 

0     ., 

0   6: 

0    6i 

0 

51 

0 

4j 

0 

4 

H 

0    7J 

0    7 

0     6 

0    6 

0 

-l 

0 

4j 

0 

i\ 

4 

^i 

0  n 

0    7 

0    7J 

0     6! 

0    6 

0 

5 

0 

5 

0 

*i 

'^\ 

0    7 

0    7) 

I)    6} 

0    6J 

0 

6 

0 

6 

0 

M 

0    8 

0    7 

0     7 

0     6j 

5 

0 

61 

0 

*i 

0    8J 

0     7J 

0     7J 

0    6j 

0 

6 

0 

''\ 

0 

*X 

H 

10  0 

0    8' 

0    8 

0     7J 

0    6' 

0 

e 

0 

6J 

n 

5 

3 

la 

0    8j 

0    8 

0     71 

0    bi 

0 

6 

0 

V. 

0 

5 

4 

0     8i 

0    8J 

0    7 

0     Oj 

0 

0 

5J 

0 

5 

1 

2 

0    9 

0    8J 

0     7j 

0    7, 

0 

G 

0 

51 

0 

&1 

2 

U  0 

0    9J 

1)    8^ 

0    8 

0     Tl 

0 

6) 

0 

f 

0 

6, 

4 

2 

0  4 

0   »l 

0     8 

0 

0 

0 

^ 

2 

0    91 

0    1 

0    8] 

0     71 

0 

tj 

0 

0 

& 

2 

0    9= 

0    9\ 

0     8 

0     Ix 

0 

7 

0 

f-i 

0 

5I 

2 

12  0 

0  10 

0    9' 

0    8 

0    73 

0 

7 

0 

61 

0 

51 

2 

0  lOJ 

0    tj 

0     h= 

0     8 

0 

7 

0 

61 

0 

fi 

2 

1!  0 

0  io^ 

0  10 

0    9 

0    8> 

0 

0 

fj 

0 

«J 

2 

0  11 

0  lOJ 

0    <»' 

0     81 

0 

7 

0 

7 

0 

(•1 

2 

H  0 

0  11 

0  lOJ 

0    9, 

0    >) 

0 

8 

0 

Tl 

0 

ei 

n 

2 

0  11 

0  HJ 

0  10 

0    91 

0 

8 

0 

7J 

0 

e; 

5 

2 

15  0 

1     0 

on 

0  lll| 

0    9; 

0 

8 

0 

7i 

0 

<■; 

5 

2 

1     01 

0  111 

0  lo; 

0    ij 

0 

8 

0 

8 

0 

7 

6i 

2 

16  0 

1     Oj 

0  I]i 

0  lOJ 

0  10 

0 

9 

0 

8 

0 

71 

6 

2 

1  1 

0  ni 

0  11 

0  10 

0 

9 

0 

81 

0 

7] 

5 

17  0 

1  u 

1     0 

0  111 

0  10 

0 

9 

0 

8 

0 

^i 

5 

2 

' 

1  li 

I     01 

0  11. 

0  10 

0 

9 

0 

6j 

0 

n 

6 

3 
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I.— SLATED    HOUSES, 


s  MORTAE — continued. 


Helgbt, 

A+ 

t.     d. 

»- 

s.     of. 

■ 

.- 

0  + 
d 

d 

d 

Ft  Inch 

(.      d. 

«.    rf. 

».      d. 

18  0 

e 

1    2 

1     2 

!!' 

0  113 

1  0 

0  HIS 
0  11 

0  10 
0  10 

0 

H 

'I 

19  0 

1     2J 

1  2; 

!  !i 

1     OJ 

1  i 

0  11?, 

0  Hi 

0  lOj 
0  lOi 

0    91 
0      i 

0 

8 
8 

1 

3 

20  n 

1     2! 

1    1^ 

1     O'l 

0  m 

9  103 

0    0 

0 

8 

81 

6 

1     8 

1     2 

I   1 

n  11^ 

0  10 

0      1 

0 

83 

1     8| 

1     2! 

^   li 

1    0 

0  11 

0 

0 

&l 

i 

6 

1     8. 

1     2I 

1   li 

1     0' 

0  llj 

0    0 

0 

e| 

22  0 

1     83 

1     2J 

1   1{ 

1    OJ 

0  111 

0     Oi 

0 

6J 

n 

6 

1     4 

1    1: 

1    0! 

0  11 

0     OJ 

0 

^ 

23  0 

1    H 

1     8} 

1     2 

1    of 

0  11 

0 

I 

H 

6 

1     4| 

1     3J 

1    2] 

I    1 

0  llj 

0     Oj 

0 

A 

24  0 

I     4f 

I     35 

1     2! 

1    1 

I     0 

0    OJ 

0 

3 

6 

1     5* 

1      8? 

1  n 

1     0 

0 

0 

3 

25  0 

1     6 

1     4* 

1     2| 

1  1 

1     0} 

0 

0 

6 

I     5i 

1     4i 

1     8 

1  ^ 

1     OJ 

0      i 

0 

0 

26  0 

1    54 
1     5^ 

1     4J 

1     3 

1  2 

1     01 

0      i 

n 

1 J 

7 

'1 

6 

1  4 

1  2 

1     0 

0 

1 

27  0 
6 

1     0 

1  n 

;? 

1   a 
1    a. 

1      2i 
1     •■ii 

1    1 
1  1 

0      I 

OJ 

28  0 

I     6J 

I  5 

1    33 

1    2i 

1   11 

0  111 

0 

10 

I.' 

^ 

6 

1     6 

I     5J 

1     4 

1    2.; 

1   1 

1     0 

0 

10 

8 

29  0 

1    6: 

1     5 

1     4 

1   1 

1     0 

0 

10 

8 

6 

1     6^ 

1  4 

1     4J 

1    2^ 

1   1 

1    0 

0 

10 

8 

80  0 

1    7 

1     5i 

1     4' 

I     3 

1   IJ 

1    0! 

0 

.01 

8 

J    7 

1    63 

1     4! 

J     3 

1     1      1     Oj 

0 

8 

31  ( 

1    -J 

1     6S 

1     4; 

1     3! 

1   1 

1     01 

s 

t> 

1     7^ 

1     6 

1     4j 

T     3J 

1     2 

1    o| 

0 

iij 

8 

32  0 

1    7i 

1     6 

1     4| 

1   a.' 

1     2 

1    0 

0 

Si 

6 

1     7 

1     6 
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Where  houses  are  built  of  wood,  as  in  Amoiien,  we  deduct  10  pur  cent, 
from  tlio  \aluc  of  a  brick  house  of  llio  same  siio  and  looiilion,  nherB  tha 
winters  ni-c  cold.  In  tlie  Siiitlicrn  States,  where  the  winlers  arc  ■niirm, 
yie  deduct  20  per  cent,  from  the  value  of  a  brick  house  similarly  Eitualcd. 
We  Taltto  a  firat-cliFs  frame  or  irooden  lioui-e  as  if  it  was  bnilt  of  brick, 
and  then  make  tlie  above  deductious,  or  Ihtit  vltkh  local  modifi/'ng  ciVciwi- 
slanscs  willpoiiil  out,  sucli  as  climate,  scarcity  of  timber,  brick,  lime,  etc. 
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3I0».  HOUSES  IN  TOWNS.  _ 

TABLES  fur  aicerlnmitig,  by  inspection,  the  relativt  Ta1u«  of  &aj  por- 
liun  of  a  liiiilding  (nine  square  feot,  or  one  jnrd,)  nod  at  taj  lieight, 


SIONIFICATION  OF  THE  LETTERa. 

f  A-{-  KuUt  or  orDBiDeuled  with  cut  stone,  of  superior  naliditj  and 

A      Ver;  substanlial   building  and  finisii,  witlioat  cut  iton* 

A —  Ordinar;  building  fiud  finifb,  or  either  of  tlie  abe*e,  wlien 

built  26  or  30  years. 
B-|-  Medium,  iu  sound  orUer,  and  in  good  repair. 
B       Medium,  slightly  (lecayed,  but  in  repair. 
B —  Medium,  detei'iiirated  by  uge,  and  not  in  gaoi  rr^nir. 
C+  Old,  but  iu  repair. 
C      Old,  and  out  of  repair. 
C —  Wd,  and  dilapidated — scarcely  habitable. 
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II.    Carboniferous  Siinc1«tonc.  flatc?  with  jciima  of  coal  dud  CBrbonale  of 


ncary  bcdn  of  old  r«l  fandsfonc,  with  small  eeama  of 
anthracite  {or  hard  coal.) 


TlTT.       Silurian.       Limestone,  roofing  slate,  coarse  Eraincflsandttone  called 

XIV.     t^mhrian.     Compact  KmoBlonc,  Hrgllloceom  shale  or  elate  reels  har- 
Ing  olten  a  cryslalltae  texture, 

1    f     •tv        Erinury      Granite  and  gndu  forming  the  principal  bate  of  tha 
I  rooki.  interior  oftbe  globe,  acceraibla  to  our  DbeertatioiU' 
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810c.  Quaria,  lUka  or  Bilicic  ftoid.  Is  of  varioua  forma,  color  and  trana- 
parenoy,  and  is  generally  colorless,  but  often  reddish,  brownish,  yellow- 
ish and  black.  It  is  the  principal  constituent  io  flint,  sea  and  lake  shore 
gravel,  and  sandstones.  It  scratches  glass :  is  insolnble,  infusible, 
and  not  acted  on  by  acids.  If  fused  with  caustic  potash  or  soda,  it  melts 
iato  A  glass.     ■ 

u  qiiarl!,  in  its  purest  state,  is  rock-crystal,  which  is  transparent 


d  c^ulc) 
CaKoni 


.c  quartz,  TeaemMos  rocb-cryalnl,  but  if  calcined  it  becomes 

white.     It  is  more  tenacious  than  TJtreous  quarti,  and  has  a  ooncboidal 


fracture. 

Sand,  is  quarts  in  minule  grains,  generally  colored  reddish  or  yelloir- 
iah  brown,  by  oiyde  of  iron,  but  often  found  white. 

Samhione,  is  where  tbo  gmins  of  quart!  are  cementod  together  with 
calcareous,  siliceons  or  nrgillaceons  matter. 

Alumina.  Pure  olnmina  is  rarely  found  in  nnlure.  It  is  composed  of 
two  equivalents  of  tlie  metal  aluminum  and  tlirce  of  oxygen,  and  is  often  • 
found  of  brilliiint  colors  aud  used  by  jewellers  as  precious  stores.  The 
sappliyre  is  blue,  the  ruby  is  red.  topni  when  yellow,  emerald  when 
green,  anietbyst  when  violet,  and  adamantine  when  brown.  On  account 
of  its  hardness,  it  is  used  as  emery  in  polishing  precious  Btooes  and  glass. 
It  is  infusible  before  the  blowpipe  with  soda. 

Potash  or  Folassa,  is  the  protoxide  of  the  inetal  polassium,  and  when 
pure  =:  K  0  or  one  equivalent  of  each. 
Soda  =  No  0  =  proloside  of  the  metal  sodium. 
Lime  =  Ca  0  =  proloiiile  of  the  metal  calcium. 
MagiKiia  =  Mg  0  =  protoxide  of  the  metal  magnesiara, 
Felsjiar,  is  widely  distributed  and  of  various  colors  and  crystalliialion. 
In  granite,  it  has  a  perfect  crystalline  stracture.     As  the  base  of  por- 
phyries, it  is  compact,  of  a  close  eten  teiture.     In  granite  felspar,  the 
crystals  of  it  is  found  in  groups,  caviUes  or  veins,  often  with  other  sub- 
stances.    In  porphyry,  tbo  crystals  are  embedded  separately,  as  in  a 
paste.     It  has  a  clear  cdg,e  in  two  directions,  and  is  nearly  as  hard  as 
quartz.     It  is  compoaed  of  silica,  alumina  and  potash. 

Common  Felspar,  is  composed  of  silica,  alumina  and  potassa.  (Sa« 
table  of  analysis  of  rocks.) 

Albitt—soila  filfpar,  differs  from  felspar  in  having  about  eleven  per 
cent,  of  soda  in  place  of  the  potash,  and  in  its  crysl  alii  lati  on  .which  belongs 
to  the  sixth  series  of  solids,  the  three  cleavages  all  meeting  at  obliqu* 
angles;  yet  the  appearance  of  felspar  and  albite  are  very  similar  anddif 
fieult  to  distinguish  one  from  another.  Their  hardness  and  chemieol 
characters  are  the  same  except  the  albile,  which  tingea  the  blowpipe 
fiame  yellow.  It  forms  the  basis  of  granite  in  many  countries  :  especially 
in  North  America,  and  is  characteriied  by  its  almost  constant  whiteness 
Lalradirilt,  a  kind  of  felspar,  contains  lime,  and  about  four  per  cent 
of  soda.  It  reflects  hriiliant  colors  in  certain  positions,  particularly  shade* 
of  green  and  blue  ;  but  its  general  color  is  dark  grey.  It  ia  leis  infusitla 
than  felspar  or  albite,  and  may  be  dissolved  in  hydrochloric  acid  It  il 
abundant  in  Labrador  and  the  State  of  New  York. 

Jfiea.  It  sleaves  into  very  thin  transparent,  tough,  elastic  plali^ 
eottuDonif  whitish,  like  tranHparent  horn,  lometimei  brown  or  Uaek  _  U 
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iB  principal';  cooiposed  of  ellica  and  alumiau,  combined  with  poUiM, 
lime,  oiagucsia,  or  oijiia  of  iron. 

Quarli  or  tilica.  lias  no  clcinnge— glassy  lustre. 

Felspar,  has  a  cleavage,  but  more  opaque  tliau  silica. 

Mka,  is  transparent  and  easily  cleaved. 

Gramte,  is  of  varioua  shades  and  colura,  and  i^omposed  of  quarli,  (sUiet) 
felspar  and  mica.      It  form!!  the  greater  |jortion  of  the  primary  rocks. 
In  Ihe  common  granite,  tbe  felspar  ia  lamellar  or  in  plales,  and^^  text-  ' 
jire  granular.  ^^ 

Forphy  rilic,  la  nhere  crystals  of  felspar  ia  imbedded  in  line  grained 
granite.     It  ia  red,  green,  brownish  and  sometimes  gray. 

Somhltndi,  is  of  yarioue  colors.  TUat  which  forms  a  part  of  th« 
basftltB  and  syenites,  is  of  a  dark  green  or  brownish  color.  It  does  not 
split  in  layers  lihe  mien  when  heated  in  the  flame  of  a  candle.  lis  color 
distinguishes  it  fruni  quartz  and  felspar.  It  has  no  cleavage,  and  is 
eompoied  of  silica,  lime,  magnesia  and  protoxide  of  iron. 

Augile,  ia  nearly  the  same  as  hornljiende,  but  is  more  compact.  When 
found  in  the  trnp-rocks,  it  is  of  a  dark  green,  approaching  to  black. 

Gneiss,  resembles  granite ;  the  mica  is  more  abundant,  and  arranged 
in  lines  producing  a  lamellar  or  schistose  appearance;  the  felspar  also 
lamellar.  It  has  a  banded  appearance  on  the  face  of  fracture,  the  bands 
being  black  when  the  color  of  rock  is  dark  gray.  It  breaks  easily  into 
slabs  nhich  are  sometimes  used  for  flagging, 

Forpkyritic  gneiii,  is  where  crystals  of  felspar  appear  in  the  rock,  so 
aa  to  give  it  a  spotted  appearance. 

Prologine,  is  where  talc  lakes  the  place  of  mica  in  gneiss. 

Serpenline,  is  chiefly  found  with  the  older  stratified  rocks,  but  also 
found  in  the  secondary  and  trap-rocks.  It  is  mottled,  of  a  massive  green 
color,  intermiicd  with  black,  and  sometimes  wilh  red  or  brown ;  has  a 
fine  grained  texture  lighter  than  hornblende  ;  maybe  cut  with  a  knife, 
aometimes  in  a  brittle,  foliated  mass.  It  ia  composed  of  about  Bilica  44, 
magnesia  43,  and  water  13.  Sometimes  protoxide  of  iron,  amounting  (o 
ten  per  cent.,  replaces  the  same  amount  of  magnesia, 

Syeniie,  resembles  granite,  excepting  that  hornblende,  which  takes  the 

brittle.  It  ia  composed  of  felspar,  quartz  and  hornblende.  The  felspar 
is  lamellar  and  predominates.    There  are  various  kinds  of  syenites,  as  the 

FoTphyrilic,  where  large  cryatals  of  felspar  are  imbedded  in  fine 
grained  syenites. 

Qranitoid,  is  where  small  (junntitiea  of  mica  occur. 

Tale,  has  a  soft,  greasy  feeling,  often  in  foliated  plates,  like  mica,  but 
the  leflyea  or  plates  are  not  elastic.  The  color  ia  usually  pale  green, 
•ometimea  greenish  white,  translucent,  and  in  ^laty  mases.  The  last 
description  from  the  township  of  Patton  in  Canada,  and  annlyied  by  Dr. 
Bant,  for  Sir  William  Logan,  Director  of  the  Geologicul  Surrey  of  Canada, 
giyes  in  the  report  for  1853  to  1856,  the  following : 

Silica,  59.50;  magnesia,  29.16;  protoxide  of  iron,  4.6;  oiyde  of 
DiGkel,. traces;  tlnmina,  0.40  ;  and  loss  by  ignition,  4.40;  total  ^:  9T,BG. 

A  tofi  silvery  tekite  taUost  schist  from  the  same  township,  gave  silica, 
61. GO;  loagDeii*,  22.3G ;  protoxide  of  iron,  7.38;  oiydeofniok*!,  traoas; 
time,  1,26;  alaaiins,  S.GO;  water,  3.60;  tolfti  =  99.6B. 
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Saaptione  or  tteatile,  is  a  granular,  vhitial)  of  grajisb  talc. 

ChloTite,  IB  a  dark  or  blackish  green  mineral,  aod  is  abuadaat  in  tbe 
altered  aiiurinn  rocks,  somelimes  intermingled  with  gmias  or  quartz  and 
fegphalio  mntlerB,  forming  clilorite  sand,  stones  and  schists  or  slates, 
irhich  frequently  contains  epidote,  magnetio  and  specular  iron  ores. 
Massive  beds  of  chlorite  ur  potslone,  are  met  with,  which,  being  free  from 
harder  minerals,  maj  be  sawed  and  wrought  with  great  faoiljjy.  A 
specimen  from  the  above  named  township (Fatton)  wa.s  of  apale  greenish, 
gray  color,  oil;  to  the  touch,  and  composed  of  tamellce  of  cbtorite  in  such 
a  way  as  to  give  a  schistose  structure  to  the  mass.  Dr.  Hunt,  in  the 
above  report,  gives  its  analysis  ;  silica,  39.60  ;  magnesia,  25.95  ;  protox- 
ide of  iroD,  14.49  ;  alumina,  19,70;  water,  11.30;  total  =  101.04. 

Green  sand,  has  a  brigliter  color  than  chlorite,  wilhout  any  crystalliia- 

Limeatonei,  are  of  various  colors  and  hardness,  from  the  frialile  chalk 
to  the  compact  marble,  and  from  being  earthy  and  opaque,  to  the  vitreous 
and  transparent. 

Carbonate  of  lime,  when  pure,  is  ca!c  spar,  and  li  composed  of  lime, 
50.3  ;  and  carbonic  acid,  48. T. 

Impure  carbonate  of  lime,  is  lime,  carbonio  acid,  silica,  alumina,  iron, 

Faiilainbkuu  limestt'ne,  contains  a  large  portion  of  sanJ. 
Tufa,  is  lime  deposited  IVom  lime  water. 
StaliKtits,  resembles  long  cones  or  icicles  found  in  caverns. 
Safin  ipai-,  is  fibrous,  and  has  a  satin  lustre. 

Carbonate  of  magnesia  or  dolomite,  is  of  a  yellowish  color,  and  contains 
lime,  magnesia  and  carbonic  acid,  and  makes  good  building  nod  mortar 

Carbonate  of  magnesia,  (pure)  is  composed  of  carbonic  acid,  51.7,  and 
magnesia,  4S.3.  Magnesian  limestone,  dolumiie,  (pure)  is  composed  of 
carbonate  of  lime,  54.2,  and  carbonate  of  magnesia,  46.8.  The  foUomiog 
is  the  analysis  from  Sir  W,  Logan's  report  above  quoted,  of  sii  specimens 
from  different  parts  of  Canada. 

No,  I.  From  Loughborough,  is  made  ap  of  large,  cleavable  grains, 
weathers  reddish,  with  small  disseminated  particles,  probably  serpentine, 
and  which,  when  the  roclt  is  dissolved  in  hydrochloric  acid,  remains  un- 
dissolved, intermingled  witli  quarti. 

No.  11,  l>  from  a  different  plac*  of  said  township.  It  js  a  coarse, 
cryatailin^lmcslone,  but  very  cuhercnt,  scow-while,  vitreous  and  trans- 
lucent, in  an  unusual  degree.  It  holds  small  grains  disseminated,  iremo- 
'hte,  quarti  and  sometimes  rose-colored,  binish  and  greenish  apatite  and 
yellowish -brown  mica,  but  all  in  small  quactitiee. 

No.  III.  From  Sheffield,  is  nearly  pure  dolomite.  It  is  pure,  white 
in  oolor,  coarsely  crystalline. 

Ko.  IV.  From  Madoe,  is  gr.iyish- white,  fine  grained  veins  of  qunrti, 
Whioh  intersect  the  rock. 

"o.  V,  From  Madoc.  fine  grained,  grayish- white.  siHcious,  magnesian 
limaatone. 

Ha.  TI.     From  the  village  of  Madoc.  is  a  reddish,  granular  dolomit«. 

The  following  table  shows  the  anilyiis  of  thea*  ipeeimens: 
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IJmi^!lo,ic.^,  eonfaining  10  to  2'>  ; 
hydraulic.  Xliat  whioh  conlaitis 
immediately.  Good  cement  mixed  n 
into  small  balls  as  large  an  a  licii's 
to  tiro  hours.  If  tlic  ball  cruiiibli^s  iii  nii^i',  foo  hiiikIi  ij'iid. -Ilure  H 
preaenl.  Where  the  ground  is  wot.  it  k  iL'^uiiiiy  uiiscd — uiic  }i:iri  nf  ■^iitnl 
to  one  of  cement,  but  wlicro  the  ivorL  i^  .-nbmcrgcd  in  w.itcr.  Ibcii  l)ie 
best  cement  is  required  and  ujei  in  Ci;iia1  jiai  if,  am)  often  more,  as  in  llic 
case  of  Roman  cement. 

By  taking  carlionalc  of  lime  and  clay  in  the  rO'iuireJ  proportions  and 
calcining  tliem,  ivo  Uavc  an  artificial  ocmciil.  Ksainplc;  Lot  the  car- 
bonate of  lime  produce  45  per  cent,  of  liioc,  then  l?  it  evident  tliat  bj 
adding  15  lbs.  of  pure  dry  ol.iy  to  every  100  lbs.  of  carbonate  of  linie, 
and  laying  the  materials  in  alternate  Layers  and  calcining  that,  wc  prO' 
duce  a  cement  of  the  rcquivcd  strength.  The  limestones  should  be  broken 
as  small  as  possible;  the  nholc,  vhcn  ealeincd,  to  bo  ground  togellier. 

Cement  used  in  Paris,  is  made  by  mixing  fat  lime  and  clay  In  proper 
proportions. 

Arlijicial  ccmciil,  ia  made  in  France,  by  mixing  4  parts  of  chalk  nith  one 
of  clay.  The  whole  is  ground  into  a  Palp,  and  when  nearly  dry,  it  is  made 
into  brickB,  which  arc  dried  in  the  air  and  then  calcined  i#  furnace; 
at  o  proper  degree  of  heat.  The  temperature  must  not  be  too  elevated. 
(See  Regnault's  Chemistry,  Vol.  1,  p.  017.) 

Plaster  of  Paris,  is  composed  of  lime,  20.5,  sulpharic  acid,  87.5,  an^ 
woter,  17.  It  is  granular,  sulphate  of  lime,  slakes  without  swelling,  sets 
hard  in  a  abort  time,  but  being  partially  solablo  in  water,  should  be  onlji 
used  for  outside  or  dry  work. 

Water  lime,  is  composed  of  carbonate  of  lime,  alumina,  silica  and  oiydi 
of  iron.    It  sets  under  water. 

Wafer  cements,  differ  from  water  lime  in  haTing  more  silica  sn' 
alumina.  It  must  be  finely  reduced.  The  English  eDgineers  use  thii 
and  fins  aharp  Buid  in  equal  partg. 
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Bnil^ng  stones.  Felepathic  rocliB,  eucIi  as  green  atone,  phorphyrf  and 
syenite.  In  vhich  the  felspar  is  uniformi;  disseminated,  are  well  adapted 
for  structures  requiring  durability  and  strenglli.  Symile,  in  which  potash 
abounda,  is  not  fit  for  structures  exposed  to  the  weather.  Granite,  \a 
which  quarti  is  in  excess,  is  brittle  aD<l  hard,  and  difficult  to  work.  An 
exeesa  of  mica  makes  it  friable.  The  best  granite  is  that  in  which  all  its 
constituents  arc  uniformly  disseminated,  and  ia  free  from  oxides  of  iron. 
Gneiss  makes  good  building  aud  flag  stones,  Liraestones,  ahould  be  free 
from  clay  and  oxides  of  iron,  and  hare  a  fine,  granular  appearance. 

Sand,  is  quarts,  frequently  mixed  with  felspar. 

Coarse  sand,  is  tbat  whose  graina  are  from  one-eighth  to  one-sixteenth 
of  an  inch  iu  diameter. 

Fine  sand,  ia  where  the  diameter  of  the  grains  are  from  one-sixteenth 
to  one  twenty-fourth  of  an  inch, 

JSixed  sand,  is  where  the  fine  and  coarse  are  together. 

I'it  sand,  is  more  angular  than  sea  or  river  sand,  and  ia  tiicrefore  pre- 
fered  by  many  builders  in  France  and  America,  for  making  mortar;  but 
in  England  and  Ireland,  river  sand,  when  it  can  be  procured,  is  generally 
used.  Pit  sand  should  be  so  well  washed  as  not  to  soil  the  fingers.  By 
these  means,  any  clay  or  dirt  present  in  it  is  removed. 

Sand  for  casting,  must  be  free  from  lime,  be  of  a  fine,  siliceous  quality, 
and  contain  a  little  clay  to  enable  the  mould  to  keep  its  form. 

Sand /or  polishing,  has  about  80  per  cent,  of  silica;  is  white  or  grayisli, 
and  has  a  hard  feeling. 

Sand  Jot  glass,  must  be  pure  silica,  free  from  iron.  Its  purity  is  known 
by  its  white  color  or  the  clearness  of  the  grains,  when  viewed  througli  a 
magnifying  glass. 

FiilUr'a  earth,  has  a  soapy  feeling,  and  is  white,  greenish- white  or 
grayish.  It  crumbles  in  water,  and  does  not  became yios(Je.  Its  com- 
position J9,  silica,  4-i  ;  alumina,  23  ;  lime,  4 ;  magnesia,  2  ;  protoxide  of 
iron,  '1 ;  specific  gravity,  about  two  and  ono-half. 

Clay,  is  plastic  earth,  and  generally  composed  of  one  part  of  alsmina 
and  two  parts  of  quartz  or  silica. 

Clay  for  bricks,  should  be  free  or  nearly  so  from  lime,  slightly  plastic, 
and  when  moulded  and  spread  out,  to  have  on  even  appearance,  smooth 
and  freo  from  pebbles.  Clay  free  from  iron,  burns  white,  but  that  which 
contains  iron,  has  a  reddish  color,  the  protoxide  of  iron  in  tbe  clay  be- 
coming peroxidized  by  burning, 

F^  andpottert'  clay,  has  no  iron,  and  therefore' burns  white. 

Fire  brick  olag,  should  contain  no  iron,  lime  or  magnesia. 

Marl,  is  an  unctuous,  clayey,  chalky  or  sandy  earth,  of  calcareous 
nature,  containing  clay  or  sand  and  lime,  in  variable  proportions. 

Clay  marl,  resembles  ordinary  soil,  but  ia  more  unctuoua.  It  contains 
polBsh,  and  is  therefore  the  best  kind  for  agricultural  purposes. 

Chalk  laarl,  is  of  a  dull,  white  or  yellowish  color,  and  resembles  impure 
ohalk ;  is  found  in  powder  or  friable  masses. 

Shelly  marl,  consists  of  the  remains  of  infusorial  animals,  mixed  with 
the  broken  shells  of  small  fish.  It  resembles  Fuller's  earth,  usually  of  a 
bluish  or  whitish  color,  feels  soft,  and  readily  crumbles  under  the  fing'ers. 
I'  is  found  in  the  bottom  of  morasses,  drained  ponds,  etc. 

Slaty  oT  stony  marl,  is  generally  red  or  brown,  owing  to  the  oxyde  of 
iron  it  contains ;  some  have  a  gravelly  appearance,  but  generally  resem- 
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ANALYSIS  OP  TREES 

NAMES. 

1 

j 

1 

1 

1^ 

1 
1 

1 

1 

Plum  tree,  outside  w"od 

45 

15  5(5 

5  52 

3  29 

8  53 

he-vrt 

an 

2  6b 

2  75 

166 

140 

1164 

lt> 

16  07 

22  00 

Chestnnt,  baik 

120 

5160 

00 

136 

33 

'        ou  tilde  wood 

143 

40  7C 

5  77 

4  66 

141 

■<       wide 

178 

88  20 

51 

3  78 

198 

Beech,  red   tiark 

3  30 

2  23 

52  21 

82 

3  85 

■3 

'      outside  wood 

145 

3160 

544 

1213 

15  68 

"      heart 

IbO 

31  82 

144 

404 

26  53 

Bttttemul,  bark 

ao 

87  68 

IOCS 

100 

1127 

"          outside  wood 

4  80 

38% 

3  52 

4  42 

5  01 

heart 

G40 

43  02 

4 

100 

1182 

BassWDod,  baik 

4b0 

41  62 

2  24 

120 

12  77 

'          outaide  wood 

2  10 

58  8h 

7  86 

1012 

heart 

1  40 

45  24 

744 

4  05 

10  41 

Elm,  (white)  bark 

170 

27  46 

1810 

8  79 

IC5 

"    outeidowood 

Maple,  bark 

'      ouL^ide  wood 

15 

i9  3a 

3  04 

88 

7  75 

W 

3180 

8  40 

"       heart         " 

5''> 

4-114 

7  24 

4  21 

Oak,  (white)  --ftpwood 

101 

30  u5 

30 

1)41 

■'    heart  wood 

1  18 

45  21 

25 

168 

'      Iwiga     ' 

115 

S410 

50 

9  74 

b89 

■■    (white  swamp)  bark 
"    outaide  wood 

200 

52  20 

26 

46 

trace 

160 

30  22 

60 

20  40 

315 

"    heart         ' 

60 

86  5" 

61 

L4  79 

3  60 

Hickory,  outside  wood 

4  48 

6  20 

7  40 

08 

..       inside       " 

6  15 

8bU 

20  1') 

m 

"       heart        " 

1  30 

4 

12  21 

Pine,  pitch 
"    sootch  fir 

7  50 

13  00 

4  35 

14  U 

20  75 

6  69 

2318 

6  0- 

2  22 

Rnae  bush,  hark 

5dO 

22  66 

2  80 

612 

8  53 

Birch   "oluhle  compound 

100 

'      insoluble 

560 

52  2 

5 

35 

lime  tree,  bark 

2  27 

30  81 

124 

1014 

4  5' 

wood 

5  26 

29  93 

7  97 

55  80 

6  25 

Mulben  J,  (white)  soluble 

52 

115 

29 

4b 

6 

18 

"       Chinese,  soluble 

10 

1.8 

"       insoluble 

13  1 

72 

Datura  itramcnimit 

5  21 

411 

17  56 

pr3  94 

20  22 

14  24 

Sweet  Flag 

2  31 

7  70 

prl91 

600 

B3  95 

Common  Chamomile 

0  80 

5  0- 

pi  3  28 

9  06 

50  58 

Cockle 

2  39 

6  14 

prl21 

13  20 

Foigloye 

12  78 

t.53 

3  70 

519 

10  89 

43  53 

Hemlock 

2  62 

8  59 

OM 

2  40 

12  "W 

2169 

Blue  Bottle 

8  29 

4  56 

161 

7  32 

Bbi4 

Strawbeinea 

12  05 

14  21 

1112 

2107 

27  01 

Poppy 

141 

_50b 

121 

0  85 

3,11 
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AND  WEEDS,  ETC 
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^  . 
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^B 
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ll 

jl 

a 
"g 

II 

MISCELLANEOUS', 

ii 

I" 

■^^ 

S^ 

6 

p 

nJi 

15^0 

,88 

Org,  mat.  3,20,  coal,  ,35 

22.17 

38,98 

.51 

3.60, 

1.84 

.11 

'■        1,20, 

2.90 

.20 

.81 

89,90 

6, 

17.44 

1.30 

.50 

23,84 

8.60 

29,52 

8,20. 

phos^ 

1.06 

phates 

10,41 

6.62 

1,50,00*11,50 

17.23 

.85 

.93 

'.47 

24.89 

',05 

"        1.86. 

22.04 

.40 

.02 

.62 

24,69 

.24 

2,80. 

2.2r 

.80 

.15 

.74 

32,12 

'.'15 

"        2,80. 

2,20 

3.40 

.06 

18.78 

20.02 

It, 

3,40. 

.50 

8.41 

.28 

21,43 

4,48 

.18 

3,20. 

8.50 

.20 

!30 

.72 

25,88 

8^50 

,24 

1,70. 

17.96 

1.20 

2.60 

10,61 

17,95 

.50 

2,58. 

8.96 

.04 

.27 
.14 

12,02 

17,90 
59,44 

8.06 

.51 

'•        2, 

i'.'ia 

'.'32 

.02 

1.50 

37!i2 

".im 

1,50. 

5.70 

.73 

1.80 

1.17 

87,25 

.08 

2-40. 

6.09 

r 

1.84 
32.25 

.22 

1.03 
4,24 

33.33 
8.95 

::: 

2,78 
,39 

1.93. 
5.70, 

1 

13.30 

.47 

19.29 

.16 

7,10, 

23.60 

.25 

17.55 

6,00. 

.80 

40,3^ 

2.13. 

34:41 

"        2,'70. 

14.44 
11.45 
6.34 

,89 
4.64 
5.2f 

29,57 
21,41 
33,63 

.10 

,09 
.07 

11.10 

.'00 

3,45 

17,50 

2,30 

... 

17.03 

2.75 

2,23 

36.48 

::: 

15.80 

... 

5.00 
2.00 

'.'75 
5.30 

8.00 

sioo 

5,06 
4.60 
2.30 
3.03 

8.43 
2.C9 
3.15 
2.26 

28.70 
17,00 
31 

2.8 

22!6 
18.7 

6 

4.02 
4.85 

6,'4 
84.72 

11.48 
10.01 

29,27 
15.66 

24.9C 
16,49 
8.59 
23,57 

::: 

3,20 

2^21 
1,49 

2,84 

9.'b3 
16.61 
2!78 

W«ler,  4. 

Iljdrochlono  acia,  4. 

"      2,04. 
Iodide  of  Sodium,  ,34. 
Chlor.  of  Potaaa'm  14.60. 
7,55! 

"        11.88. 
8.40. 
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im.             ANALYSIS  OF  GRAINS  AND  STRAWS, 

N^ML« 

1 

1 

1 

■Is 

1 

1 

J 

;= 

S 

& 

Barky   gram  mean  ol  10 

jUIb 

3  68 

8  6G 

14 

19  7 

8'>3 

"       Btraw    fiean  ol  5 

jiSP 

8  08 

413 

IS 

18  4 

68 

"      grail],  at  C!evps| 

2193 

S^B 

10  06 

1  9 

50 

16  79 

"      gfai"  "^  Uip>n, 

29  10 

1  67 

6  9] 

21 

20  9 

Buckwheat    gram 

63 

10  88 

10 

87 

30  10 

grain 

7  00 

14 

2  66 

23  8 

204 

felraw 

4  3- 

22 

40  57 

1 

10  8 

194 

Maiie  or  Incliau  Cum    arain 

144 

144 

16  22 

80 

32  4 

"      straw,  mean  of  2 

26  0- 

7  17 

6  6+ 

8 

9  6. 

26  30 

Millet,  grim   (Giesaen) 

jlOS 

86 

7  66 

9  5f' 

1  31 

Outs,  gram,  mean  of  7 

47  08 

8  92 

7  70 

fl. 

16  7r 

2  49 

"    straw,  mean  of  i 

48  42 

8  07 

3  78 

183 

1914 

9  69 

"    potato,  grain, 

50  03 

131 

8  26 

T 

10  7(1 

135 

i85 

12; 

1169 

45 

18  48 

10  67 

'    straw 

74  0' 

149 

67 

10  2- 

3S2 

Eye,  griin    b-j  n u<i  and  Oj/dot 

0  2- 

IM 

12  61 

104 

'isa 

59 

"    grain,  mean  ol  J 

11  17 

125 

26 

7'il 

"   grain,  by  Li'big 

'' 

'too 

2  41 

40 

114 

18  8D 

"    straw,       " 

04  50 

C 

10 

2 

17  19 

Wheat  giain,  mean  of  3J 

Si', 

3  40 

12  SO 

79 

299- 

890 

'      straw,  mem  of  10 

6  23 

2  74 

74 

12  14 

60 

FIbi  whole  plant  m  Ireland 

2135 

12  8^ 

7  79 

6  08 

9  78 

9  82 

*    beat  111  Belgium 

2  08 

18  52 

GU8 

1  10 

22  30 

14  11 

Hemp,  whole  plant,  mean  of  i 

8  20 

42  91 

5  47 

2  71 

993 

60 

Lin»eed 

92 

26  98 

22 

8  67 

25  85 

71 

Kape,  seed 

12  01 

1139 

2  56 

2518 

81 

20  m 

C2 

813 

19  82 

Beef,  Mangelfturael    (jellow) 

2  22 

178 

178 

23  64 

10  08 

"                        "         long  red 

140 

190 

179 

62 

2168 

313 

'■    mean  of  4 

4  44 

3  65 

2  97 

124 

30  80 

1219 

"    long  blooa  root 

18G 

1  60 

J  15 

1310 

^-iGe 

"    tops 

199 

8(>5 

8  66 

9G 

21  8( 

7  01 

Carrot,  (white  Belgian  root ) 

1  10 

883 

SU6 

1  10 

52  44 

18  62 

"      tops 

4  5<) 

32  04 

2  92 

2  40 

7  12 

10  97 

"      fresh  root,   (New  York  report  ) 

G5 

8  06 

1  60 

8  50 

i0  25 

Artichoke,  Jerusalem 

15  97 

2  82 

2  81 

6  39 

54  67 

Cauliflower   heart 

192 

2S6 

238 

109 

84  39 

14  77 

Parsnip 

410 

1143 

0  94 

36  1. 

8  12 

Potato,  mean  of 

4  28 

2  0T 

6  28 

52 

57  75 

180 

"    tops 

383 

10  96 

7  00 

105 

28  02 

16  2* 

Tomato 

01 

trace 

010 

07 

09 

Turnip,  white  globe 

1 

8  GO 

4  66 

144 

42  83 

2  66 

"      swede 

28 

10  67 

4  05 

38 

47  46 

3  98 

"      mean  nflO 

3  43 

1114 

8  61 

109 

i6  08 

6T« 

"      lops 

8G 

23  27 

3  09 

86 

28  G5 

5  41 

Beans  mean  of  b 

2  55 

19  30 

5  91 

28  87 

6  64 

"      straw 

7  06 

19  99 

6  69 

"22 

13  08 

100 

Peas,  mean  of  4 

62 

5  56 

8  51 

98 

36  50 

711 

'     straw 

20  05 

5411 

G88 

40 

4  73 

Lentils 

107 

5  07 

198 

161 

27  84 

666 

Vetch  or  tare 

2  01 

4  79 

8  40 

75 

80  57 

9  56 

"            "   straw 

8  66 

!8g3 

6  36 

17 

35  49 

103 

72b6 

2 

__ 
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VEHETABLE  AND  LEGUMINOUS  PLANTS. 


.g 

=  .^ 

¥ 

li 

1^ 

1 

1 

MISCELLANEOTIS. 

i 

1 

g 

a" 

IM 

35.20 

... 

.47 

2.18 

8.26 

6.95 

.26 

40.63 
33.48 

2J6 

50.07 

7.30 

6,78 
2.77 
1.19 
.35 

57.00 

9 
44,87 
17.08 
18.19 

"20 
2,99 

3^42 
1.48 

Oijcle  Mang.  and  Aluminft,  ,8. 

].2y 

18,19 

.20 

C blonde  potassium,  .14. 

3.26 

2.56 

.10 

i'.h 

.17 
.71 
.51 

::: 

18  87 
63,36 

3ii!i>2 
46.34 
51.81 

.07 

.83 

3  82 

.67 

Chloride  poiasaium,  .26. 

!33 
0.83 

..'. 

40' 

5,43 
10.84 

8,81 

£68 

.09 
.22 
6 

i.as 

... 

5.26 

L41 

.91 

40.11 

1.65 

i'.h 

45.90 

7.«0 

16-31 

4.76 

3.ti8 

18.14 

4.4'J 

2455 

3.14 
3.03 

1.05 
4.19 

49.51 
24  55 

I.C5 

16.27 

e.8'> 

.81 

Pbosphate  of  Iron,  1.15. 

6.80 
G.5o 

li'.ho 

5.15 
8.55 

;;; 

33!bfl 
6,50 

6.20 

J7.82 

1.07 

13.67 

4.80 

28.2 

10.55 

"             "        .70. 

3.70 

13.27 

i'.'s 

Carbonic  acid  dedacled. 

11.16 

27,85 

2.86 

6.50 

18.66 

5.54 

Phosphate  of  IroD,  3.71. 

13.64 

deduci 

12.57 

7,10 

6.H8 

7,62 

12,33 

.01 

'.04 

.08 

.01 

12,6 

8.61 

... 

12.16 

13,07 

12.43 

9.74 

fk 

Chloride  potasaium,  .59. 

12.52 

9.29 

16.05 

1.91 

21.06 

L35 

1.09 

... 

7,24 

... 

4,26 

4.39 

33.52 

2.16 

6.77 

;;; 

4.83 
29.07 

;;; 

6!l3 

4!io 

38.08 

2 

Ji-B 

5.49 

2.75 

~TJi 

BT 
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PERCENTAGE  VALUE  OF  MAN0EES. 


SCB1TANCB8 


BucliiTheat  straw 
LeaTes  of  rape 


Malt  dust 

Hop 

Bitet  root  refuse 

Linseed  cake 

Rape  cake 
Hemp  seed  cake 
Cotton  aeail  oake 


eiorements 


Pigeons  duQg 


Flemish  manuie 

I  oudretCe  from  Belloni 

Do  Irom  Berr;  m  184i 

Do,  from  Montfancon. 

Do.  in  18*7 

Blood,  liquid 

"      ooftg.  &  prassetl 


Sugar  refinccies.... 

0»  hairs 

Woolen  rags 

Guano,  Peruvian.,. 


,a-; 

.74 

44 

.55 

hh 

1.22 

a.(i4 

UISCELLANEODS. 


Recently  collected. 


lid  ezcreaeolB. 
Solid  and  liquid. 


Solid  ant 
Liquid  ir 
Saulinrai 


Slaughter  house. 
Commercial. 
From  the  press. 
Wahl'Ei,  Chicago. 
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SEWAGE    MANURE. 

310j.  The  value  of  this  manure  is  now  fully  eatalliKheiJ.  Dr. 
Cameron,  Professor  to  the  Dublin  Chemical  Society,  has  reoeutly  shown 
that  "  100  tons  of  the  sewage  water  of  Dublin  contain — 

Nitrogen,  16   Iha.,        worth  10s.  8rf. 

Phosphoric  Acid,     4.2  '■         1«.  i\d. 

Salts  of  Potash,       5.1  "  l^d. 

Salts  of  Soda,         14.2  " '  %\d. 

Organio  matter,     75  "  id. 

Taking  the  population  of  Dublin  at  300,000,  the  value  of  the  sewage  is 

worth  more  than  £100,000,  or  two-thirds  of  the  local  tasation  of  the  city," 

He  calculates  the  value  of  the  night  soil  at  £3000,  and  the  urine  al 

£85,000,  shoTfing  one  to  be  thirty  times  as  valuable  as  the  other. 

Those  who  have  seen  the  river  Thames  or  the  Chicago  river  made  the 
receptacle  of  city  sewage,  will  admit  that  God  never  intended  that  liquid 
manure  should  pass  into  these  streams  causing  disease  and  death,  but 
that  they  should  be  made  available  in  fertilizing  the  neighboring  ijelds, 
as  in  Edinburgh  and  various  other  places. 

We  recommended  a  plan  of  intercepting  sewers  for  Chicago  iu  1854, 
hy  which  the  sewage  could  be  ooUectetl  at  certain  places,  and  from 
thence  wasted  into  Lake  Michigan  far  from  the  city,  or  used  for  irrigatiDg 
the  adjacent  level  prairies.  The  plan  was  rejected,  but  the  consequence 
hoa  been  that  an  Act  passed  the  Legislature  of  Illinois  in  1865,  creating 
I  for  cleansing  the  Chicago  river,  at  an  expense  of  two 
OOLLAUB.  The  commissioners  have  now  (30th  June,  1865,) 
commenced  their  preparatory  survey.  In  Chicago  the  people  are  ob- 
liged to  connect  their  water-closets  with  the  main  sewers,  thereby 
making  the  sewers  gas  generators  on  a  large  scale.  Public  water-oloscis 
are  built  at  the  crossings  of  some  of  the  bridges,  and  private  ones  with- 
out traps  or  syphons  are  built  under  the  sidewalks.  This  system  of 
sewerage  begins  to  show  its  bad  effects,  and  will  have  to  be  abandoned  at 
some  future  day. 

To  any  person  who  has  spent  one  hour  in  a  chemical  laboratory,  it 
will  appear  that  noxious  gases  will  soon  saturate  any  amount  of  water 
that  can  be  held  in  a  trap  or  syphon,  and  that  no  contrivance  can  be 
adapted  to  exclude  permanently  the  poisonous  effluvia  of  sulphide  of 
ammonium  and  sulphuretted  hydrogen. 

It  will  cost  London  Ihirty  millions  of  dollars  to  build  the  intercepting 
flewcra  commenced  in  1858.  Paris  commenced  a  similar  work  in  1857, 
and  Dublin  is  noiv  about  to  do  the  same.  About  April,  1866,  an  Act 
passed  the  English  House  of  Lords  for  the  utilitization  of  town  sewage, 
which  was  supported  by  the  first  vote  of  the  Pkince  of  Wales.  The  great 
LiEBEQ  has  commenced  operation  on  the  London  sewage.  He  has  it  free 
of  charge  for  ten  years ;  %o  that  in  a  few  years  the  value  of  sewage  will 
bo  as  well  known  to  the  Americans  and  Europeans  as  it  is  now  to  the 
Chinese.  Then  tliere  will  not  be  a  scientific  engineer  who  will  advocal* 
the  converting  of  currentless  streams  and  neighboring  waters  into  cess- 
pools. The  sanitary  and  agricultural  eondilions  of  the  world  will  forbid 
it.     (See  aUo  itciions  on  Drainage  and  Irrigalion.) 
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DESCRIl'TION  OF  MINERALS, 

310k.  Antcmonv.  SUbnile,  oc  gray  sulphuret  of  antimony.  Comp. 
SbTS,  S2T.  Found  chiclty  in  granite,  gncitts  and  mica,  with  galena,  blende, 
iron,  copper,  silver,  lino  and  urpenic.  Found  columnar,  massJTB,  granu- 
lar, and  iu  delicate  threads.  Fusible.  Gravity,  4.5.  Lustre,  shining. 
Fracture,  perfect  and  brittle.  Color,  lead  to  steel  gray;  tarnishes  when 
exposed. 

White  Antimony.  Contains  antimony,  84.  Found  in  rectangular  crys- 
tals, whose  color  is  white,  grayish  and  reddish,  of  a  pearly  lustre.  Hr— 
2,5.     Gravity,  6  to  6. 

S«lplmret  of  Aniinwrty  and  Lead.  Found  rbombic,  fibrous  and  columnar. 
Color,  lead  to  steel  gray,     11  =  2  to  4.     Specific  gravity,  5  to  6. 

Arsehio,  While.  Sometiines  found  in  primary  rocks  with  Co.  Cu.  Ag. 
and  Pb.  Color,  tin  white.  Is  soluhlo.  6.,  8.7.  Fracture,  conofaoidal. 
Lustre,  vitreous. 

^Taihe  Arsenic.  Found  in  Hungary,  Bohemia,  and  iu  New  Hampshire 
with  lead  and  silver.  Color,  tin  white  to  dark  gray.  A  -^  3.5.  Gravity, 
5.7.     F  =  impevfect. 

Orjiiment  or  YeUoiii  SxtlphurH  of  Antimony.  Found  in  Europe,  Asia  and 
New  York.  Foliateil  masses  and  prismatie  crystals.  Color,  fine  yellow. 
H  =^  1.5  to  2.     Or.,  3  te  3.5.     F  =  perfect.     Lustre,  pearly. 

Realyer  or  Red  Sulphurel  of.  Found  in  Europe,  with  Cu.  and  Pb.  Color, 
red  to  orange.  II  =^  1.5  to  2.  Qr.,  3  to  4.  Lustre,  resinous.  P  =i  im- 
perfect.    Massive  and  ncicular. 

Bismuth.  iVa/iW.  Found  in  quartz,  gneiss,  mica,  with  Co  As  ,  Ag 
and  Fe.  Color,  silver  white.  Found  amorphous,  crystallized,  lamel- 
lar.    H  =  2  to  2.5.     Gr.  =9.     F  =  perfect.     Lustre      Metallic 

Salphurel  of  ISismiUh.  Comp.,  Bi,  81,  813.  Found  as  above  Massive 
acic alar  crystals.     II  =  2,3.     Gr.,  6.6.     Color,  lead  grij 

Cobalt.  Sinaltine.  Pound  in  primary  rocks,  with  As  Ag  and 
Fo.  Massive,  cubes  and  octoliedrona.  H  =:  5.  Gr.,  6  to  7.  Color,  tin 
white  to  Bteei  gray.     L  =  metallic.     Fracture  uneven. 

Arsenical  Cohali.  Found,  as  in  tbe  latter,  massive,  stalectical  and 
dentrical.  Comp.,  Co.  -|-  As.  -\-  S.  Color,  tinge  of  copper  red.  Gr., 
7.3,     F  =  brittle. 

Bloom,  or  Peach  Cobalt.  Found  in  oblique  crystals.  Foliated  like  mica. 
Color,  red,  gray,  greenish.  II  =  1,5  to  2.  Qr.,  3,  Lustre,  pearly. 
Fracture,  like  niion. 

Copper.  Native.  Nearly  pure.  Found  in  veins  in  primary  rocis,  and 
as  high  as  the  new  red  sandstone,  in  masses  of  plates,  Aboresccnt,  fili- 
form.    Color,  copper  red.     H  ^  2,5  to  3.     Or.,  8.6. 

Svlphuret  of.  Comp,,  Cu,  76,5,  S22  +  Fe.  .50.  Found  in  great 
rocks,  especially  tbe  primary  and  secondary  ones.  In  double,  sii-sided 
pyramids,  lamellar,  tissular,  long  tabular,  six-sided  prisms.  Color, 
blackish  steel  gray,     Gr,,  5.5.     Fracture,  brittle  and  brilliant. 

SulphuTct  of  Copper  and  Iron.  {Copper  pyrites,)  Comp.,  Cu.  86,  S32, 
Fe.  32.  Pound  in  veins  in  granite  and  allletl  rooks,  graywacks,  and  with 
iron  pyrites,  carbonates  of  Cu,  blende,  galena.  Color,  brass  yellow  when 
hammered,  H  =  3  to  4.  Gr,,  4,  Found  in  various  shapes.  Tetrahodral, 
ootohedral,  massive,  like  native  and  iron  pyrites, 
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Gray  Sulphuret  of  Cu.  and  Iron.  Comp.,  Cu.  62.,  Fc.  28.  The  same 
locatioD  and  associates  m  tlie  last.  It  ia  not  tuagnetic  like  oxide  of  iroa, 
nor  so  liard  as  arsenate  of  iron.  Color,  steel  gray  to  blacli.  Lustre, 
metallic.  F  ^  brittle.  Found  amorphous,  disseminated,  crystallized  ia 
small  tetrahedral  cryaUls. 

Copper  Pyrites,  most  pTevalmt.  Comp.,  Cu.  76,5,  S22,  Fe.  .5.  Found 
similar  to  sulphuret  of  copper.  Color,  brass  yellow.  Found  in  small, 
imperfect  crystals  in  concretion  and  ccystalliied  lamellar.  F  ^  uneTen. 
Lustre,  metallic.     Gr.,  4.3. 

Red  Oxide  of  Oopp^.  Contains  68  to  ill  of  copper.  Found  with  other 
copper  ores.  It  is  fusible  and  effertesces  with  nitric  acid,  but  not  with 
hydrochloric  acid.  Color,  red.  F  ^  generally  uneven.  H  :=  soft. 
Found  amorphous,  crystallized,  in  cubes  and  octohedrons. 

Blm  Carbonate  of  Cu.  Comp.,  Cu.  70,  COs  24,  HOa.  Found  in  primary 
and  secondary  rocks.  Is  infusible  without  a  flux,  and  gives  a  green  head 
with  borax  in  the  blow  pipe  flame.  It  is  massive,  incrusting  and  stolac- 
tical.     Color,  blue.     F  =  imperfectly  foliated. 

Gteen  Carhonate  of  Copper.  Found  with  other  copper  ores,  in  incrusta- 
tions and  other  forms.  Color,  light  green.  L  =  adamantine.  H  =  S  to 
4.    Gr.,  4. 

Nickel.  Arsenical.  Comp.,  As.  51,  Ni.  4.4.  Found  in  secondary 
rocks,  as  gneiss,  with  colialt.  arsenic,  Fc..  sulphur  and  lead,  and  is 
massive,  reticulated,  botryoida!.  Gives  out  garlic  odor  when  hoated. 
Color,  copper  red,  which  larniahes  in  air.  H  :=  5.  Gr.,  7  to  S.  L  = 
metallic. 

Nkkei  Glance.  Found  with  arsenic  and  sulphur,  massiye  and  in  cubes. 
Comp.,  Ni.  28  to  38.     Color,  silver  white  U>  steel  gray.     H  =  6.   Gr.,  (i. 

White  Nickel.  Comp.,  Ni.  20  to  28,  As.  70  to  78.  Color,  tin  white, 
found  aa  cubic  crystals. 

Piaeadine.  Ni.  57.  Color,  bronze  yellow.  Found  tabular,  obliqe  and 
in  rhombic  prisms.     H  =  5  to  9.    Or.,  8, 

Anlmonial  Nickel.  Ni.  29.  Found  in  heiagonal  crystals.  Color,  pale 
copper  red,  inclined  to  violet. 

Nickel  Pyrites.  ContiUn  Mi.  64.  Color,  brass  yellow  lo  light  bronze. 
Found  capillary  and  in  rhombohedral  crystals, 

fiVeen  Nickel.  Contain  36  per  cent,  of  oside  of  nickel.  Found  with 
copper  and  other  ores  of  nickel.     Color,  apple  green. 

Zinc,  Blende.  Moek-lead.  Block  Jack.  Found  in  veins  in  primary 
and  secondary  rocks,  with  Fe.  Pb.  and  Cu.  Comp.,  zinc  67,  Pb.  33. 
Found  massive,  lamellar,  granular  and  crystallized.  It  deoripitates  if 
heated,  and  is  infusible.  Color,  yellow,  brown  or  black.  Lustre, 
shining  and  adamantine.     F  =  brittle  and  foliated.     Gr,,  8  to  4. 

Carbonate  of  Zinc.   {Calamine.)    Comp.,  ainc,  G4.5,  carbonio  acid,  35.5. 

Found  in  beds  or  nests  in  secondary  limestones,  and  in  veins,  with  oxides 

of  iron  and  sometimes  lead.   Crystallized,  compact,  amorphous,  cuprefcr- 
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Sulphate  oj  Zinr-  Found  m  rbonibic  prisms.  Color,  wliLtc.  I.  = 
Titreons      F,poifeol      Or    20  4. 

Manqanesb  Bmoade  of  Comp.,  MnOa^  Mq  C4  +  08C.  Found  in 
veiDB  and  misses  m  pnnmry  rocks,  with  iron.  Forms  a  purple  glass  with 
borax  m  the  blow  pipe  flame.  Color,  dark  sleel  graj,  irith  a  black  Btrenk. 
L  =nietallio.  F.,  oonchoidal  and  earthj.  H  =  2  to  2.5.  Gr.,  4  lo  5. 
Found  massive,  and  in  fibrous  EOncretions.    Crystallized.    Infusible  alone. 

Phosphate  of  Manganese.  (TripHte.)  Protoxide  Mn.  33,  protoxide  of 
Fe.  32,  and  phosphoric  acid  33.  Gives  a  violet  gloss  with  borai.  Color, 
yellowish,  streak  of  gray  or  black.  L^  resinous  and  opaque.  H5  to  5.5. 
Gr.,  3  to  4. 

Bog  Ore  of  Ma.,  or  Wad.  Found  iu  low  places,  formed  from  minerals, 
containing  manganese.  Comp.,  Mn.  30  to  70,  protoxide  of  iron  20  to 
25.     Color,  brownish  black.     Lustre,  dull  and  earthy.    H  =  1.    Or.,  4. 

Tin.  Oiide  of.  Comp.,  tin,  77.5,  021.5,  oiido  of  iron  .25,  and 
silver  .75.  Pound  in  the  crystalline  rooks  with  Cu.  and  iron  pyrites. 
Pound  in  various  places,  especially  in  Cornwall  in  Englnnd.  Color, 
brown  or  blaclt,  with  a  pale  gray  streak.  Found  lamellar,  in  grains  and 
massive.  Decripitates  on  charcoal. _  L  =  adaaiaDtine.  F.,  indistinct  and 
brittle,     H  ^  «  to  7.     Or.,  ti.5  to  7. 

Sulphurel  of  Tin,  vr  Pgrites.  Color,  steel  gray  or  yellowish.  Streak, 
black.     F^brittle.    Hi.   Gr.,  4.     Comp.,  tin  34,  S26,  Cu.  3C  and  Fe.  2. 

P1.ATINUM.  Found  only  in  the  metuilio  state,  with  various  metals,  snob 
as  gold,  silver,  iron,  copper  and  leall,  and  disseminated  in  rooks  of 
igneous  origin,  as  the  primary.  Often  found  iu  syenite  with  gold,  but  it 
is  principally  found  in  alluvium  or  diift.  Color,  very  light  steel  gray  to 
silver  white.  Lustre,  glistening.  It  is  found  in  grains  and  rolled  pieces, 
seldom  larger  than  a  pea,.  Resembles  coarse  iron  fileings.  It  is  mallea- 
ble I  infusible,  excepting  in  the  flame  of  the  oxjliydrogen  blowpipe. 

GoLii,  Found  in  granite,  quartz,  slate,  hornstoce.  sandstone,  lime- 
stone, olay  slate,  gneiss,  mica  slate,  and  especially  in  taloose  slate,  rarely 
in  graywBCk  and  tertiary  slate,  but  never  in  serpentine.  Associated  witli 
Cu,,  Zn.,  Pe.,  Pb.,  Baryta.,  aniimoDy,  platinum.  Where  it  is  foand  in 
primary  rocks,  it  is  frequently  in  schiste.  Color,  yellow.  SeMoni  found 
massive;  often  disseminaled,  capillary,  amorphous,  dentritic,  erystallized 
in  cubes,  octohedrons,  rhomboidat,  dodecahedron  and  (etrahedron. 
Lustre,  glistening  and  metallic.  Fracture,  Iiackly  and  tissular,  H  — 
2.5  to  3.  Or.,  ltl.4.  It  is  malleable  and  unaltered  by  exposure,  and  is 
easily  cut  and  flattened  under  the  hammer,  which  distinguishes  it  from 
copper  and  iron  pyrites,  which  crumble  under  the  hammer. 

Silver.  Salphuret  of  Comp,,  Ag.  87,  S13,  It  is  soluble  in  nitric 
acid.  Found  in  primary  and  secondary  rocks,  with  otljer  ores  of  silver. 
Gives  off  sulphurous  odor  when  heated  in  the  flame  of  a  blovf  pipe  flame. 
Found  iu  cubes  and  octohedrons,  reticulated.  Imperfect  at  cleavage,  is 
malleable,  amorphous  and  in  plates.  Color,  blaokish,  lead  gray,  with  a 
shining  stienk,     L  =  metallic,  F.  flp.t  and  conchoidal.   H2,3.    Gr.,  7, 

Silver,  native.  Usually  alloyed  with  gold,  bismuth  and  copper.  Found 
ia  primary  and  secondary  rocks,  often  in  penetrating  crystals,  or  amor- 
phous in  common  quarts,  with  copper  and  cobalt.  It  is  fusible  into  a 
globule.  Color,  silver  white,  but  oflen  gray  or  reddish.  It  is  seldom 
found  massive,  but  often  in  plates  and  spangles,  dentiform,  filiform  and 
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nborcscent.  Crjstitlllzeil  in  cubes,  ocf  ohcdrOQs,  Iftmellur  aott  raiao^e, 
with  no  cIciLiiij^e.  L=^sp1endcut  to  Bbming.  F.,  fine  hacM;.  U2,5  (o 
3.     Gr.,  10.4 

Siilphurei  of  Silver  and  Aniimony.  Comp.  SIC,  Sb.  14.7,  Ag.  G8.G, 
Co.  G.  Fonnil  in  Ihe  primar;  rocks,  sucli  as  gmDite  and  cln;  alatc,  witli 
native  Bilver  and  copper.  It  is  found  roassite  and  in  compound  crystals, 
haTing  an  imperfect  cleavage.  Color,  iron  black,  L  ^metallic.  r.,ooQ- 
clioidal.    H2.2.   Gr.,  6.3. 

Chloride  of  Silver.  Comp.,  Ag.  75,  clilorine  25.  Found  in  the  primarj 
rooks  with  other  ores  of  silver.  Massive,  seldom  columnar,  often  incrnst-' 
iog,  in  oabcs,  with  no  distinct  cleavage,  also  reniform  and  ocicalar. 
Color,  pearly  gray,  greenish,  blue  or  reddish,  with  a  shining  streak. 
Lustre,  resinous  to  adamantine. 

Slercury,  native.  Found  in  Austria,  Spain,  Peru,  Hungary  and  Cali- 
fornia.    Found  in  fluid  globules.     Color,  tin  nliite.     Gr.,  13.fi. 

Salphwet  of  MeriMTy,  or  Cinnabar.  Comp.,  mercury  a.  14.75.  Found 
oiiicfly  in  the  new  red  sandstone,  sometimes  in  mica  Hiate,  li 


i,  grajwaclt,  beds  of 
fornia,  at  tlie  Almaden 
Color,  brownish  black  to 


bituminous  shale  of  coal  formation.  In  Cali- 
it"a  found  in  greenish  talcose  rook, 
iright  red.  Cochineal  red,  lead  gray,  aometiraes 
a  tinge  of  yellow.  Found  massive,  aix-sided  prisms,  aometimes  fibrous, 
with  a  streak  of  scarlet  reJ.  It  evaporates  before  the  blow  pipe  and  docs 
not  give  off'  allicaoeoua  fumes.  L  =  metallic  to  unmelallic.  Fracture, 
perfect,  fibrous,  granular  or  in  thin  plates.     H2,3,     Gr.,  7  to  8. 

Lead.  Native.  Itarcly  met.  It  has  been  found  in  the  County  of  Kerry 
in  Ireland,  Carthagena  In  Spain,  and  Alston  moor,  in  the  Coantj  of  Cum- 
berland, England. 

Sulphurel  of  Lead,  or  Galena.  Comp.,  I'b.  86,5,  813.8.  Found  In 
veins,  beds  and  imbeddeil  moasea,  in  primary  and  secondary  mountaina, 
but  more  frequently  in  the  latter,  particularly  in  limestone.  The  indica- 
tions are  calo  spar,  mineral-blossom,  red  color  of  the  soil,  cmmbling  of 
magnesian  limestone  and  sink-bole  appearance  of  the  surface.  Color, 
leaden  or  blaokish  gray.  Found  amorphous,  reticulated  and  crystallized 
in  cubes  and  octohedrons,  with  a  perfect  cleavage,  parallel  to  tie  pianos 
of  the  cubes.     L  =  metallic.    F.,  lamellar  and  brittle.   Gr.,  7.6. 

Sulphate  of  Lead.  Comp.,  Pb.  73,  sulphuric  acid,  27.  It  is  produced 
from  the  decomposition  of  galena,  and  found  associated  with  galena. 
Color,  white,  sometimes  green  or  light  gray.  Found  massive,  granular, 
lamellar,  and  often  in  slender  crystals.  L==  vitreous  or  resinous.  F,, 
brittle.    H2.8  to  3.     Gr.,  0.3  to  6.5. 

Mimum  or  Redhead.  Found  with  galena  in  pulverulent  state.  Color, 
bright  red  and  yellow.     Or.,  4.6. 

Phosphate  of  Lead.  Comp.,  Pb.  78.6,  phosphoric  acid  19.7,  hydroch- 
loric acid  1.7.  Color,  bright  green  or  orange  brown.  Found  in  hexa- 
gonal prisms,  reniform,  globular  and  radiated.  Streak,  white.  U3.8  to 
4.     Gr.  6.G  to  7. 

Chromate  of  Lead.  Found  in  gneiss.  Color,  bright  red,  wi(h  a  streak 
of  orange  yoliow.     Found  massive  and  in  obliqne  rhomtiic  prisms. 

Black  Lead,  Plumbago,  or  Graphite.  Found  in  gneiss,  mica,  granular 
limestone,  clay  slate,  and  generally  in  tbe  coal  formalioQ.     Color,  iron 
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black.  Lustre,  metallic.  In  six-eiijed  prisms,  foliated  and  moasive. 
H  =  1  to  2.     Gr.,  2. 

Iron.  Nalive,  Is  found  in  meteorites,  alloyed  with  nickel.  It  is 
massive,  magnetic,  malleable  and  ductile.  F  ^backtej.  II4.5.  Gr.  T.S 
to  7.8.     A  specimen  in  Vale  College  contains  Fe.  9.1  and  Ni.  9. 

Iron  Pyrites,  or  Bkulpkuret  of  Iron.  Occurs  in  rooks  of  all  ages  and  in 
lavas.  Found  usually  in  cubes,  pentagonal,  doilecahedroDs  or  octo- 
hedrona.  Alao  roassive.  Color,  bronze  yelloir,  with  a  brownish  streak. 
Lustre,  metallic  and  Bplendeut.  Rrittle.  H  =  6  to  G.5.  Gr.  4.8  to  5.1. 
Strikes  fire  with  steel,  and  is  not  magnetic.      Comp,,  Fc.  45. T4,  S54.2U. 

Auri/erotis  Iron  Pyriles.     Is  that  which  contains  gold. 

Magnetic  Pyrites,  or  Sulphuret  of  Iron.  Found  massive,  and  sometimes 
in  hesagonal,  tabnlar  prisms.  Color,  bronze  yellow  to  copper  red,  with 
a.  dark  atreak.  F  ~  brittle.  118. 5  to  4.5.  Gr.  4.6  to  4.65.  '  Slightly 
magnetic.  Corop.,  Fe.  50. G,  S40.4.  Thia  ore  is  not  so  hard  aa  the  bi- 
snlphuret  of  iron,  and  is  of  a  paler  color  than  copper  pyritea. 

Magnetie  Iron  Ore.  Found  in  granular  masses,  octohedrons,  dodeca- 
hedrons, granite,  gneiss,  mica,  clay  slate,  horDblende,  syenite,  chlorite, 
alate  and  limestone.  Color,  iron  black,  yiitb  a.  black  streak.  F  =  brit- 
tle. H5.6to6.5.  Or.,  6  to  5.1.  Highly  magnetic.  Comp.,  Fe.  71.8, 
oiygeu  28.2.     Thia  ia  the  most  useful  and  diffused  iron  ore. 

Specular  Iron  Ore,  Peroxide  of  Iron,  Found  massive,  granular,  micace- 
ous, sometimea  in  thin,  tabular  prisms.  Color,  dark  steel  gray  or  iron 
blacb.  Lustre,  often  splendent,  passing  iuto  an  earthy  ore  of  a  red 
color,  yielding  a  deep  red  color  without  lustre.  H  ^5.5  to  6.5.  Gr.,  4.5 
to  5.3.     Slightly  magnetic. 

The  Specular  Variely.     Has  a  highly,  metallic  lustre. 

Micaceous,  Specular  Iron  Ore,     Has  a  foliated  structure. 

Eed  Ochre.  Often  contains  clay,  is  soft  and  earthy.  It  is  more  com- 
pact than  red  chalk. 

Bog  Iron  Ore.  Occura  in  low  ground  ;  is  loose  and  earthy ;  of  a  brown- 
ish, black  color. 

Clay  Iron  Stone.  Has  a  brownish  red,  jaspery  and  compact  appear- 
ance. Comp.  of  specular  iron  are  Fe.  69.3,  oxygen  30.7.  The  celebrated 
iron  mountains  of  Missouri  are  composed  of  specular  iron  ore.  One  of 
the   mountains   is  700  feet  high.     There,  the  massive,  micaceous  and 

Chromaie  of  Iron.  Found  massive  and  octohedral  crystaia,  in  seTpent- 
iae  rocks,  imbedded  in  veins  or  masses.  Color,  iron  and  bronnish  black, 
with  a  dark  streak.  L  =  sub-metallic.  H5.5.  Gr.,  4.3  to  4.5.  When 
reduced  to  small  fragmenta,  it  is  magnetic.  Comp.,  chromium  GO,  pro- 
toxide of  iron  20.1,  alumiaa  11.8,  and  magnesia  7.5. 

Carbonate  of  Iron,  Found  principally  in  gneiss  and  graywack,  also  in 
rocks  of  alt  agea.  Found  massive,  with  a  foliated  structure,  in  rbombo- 
hedrons  and  hexagonal  prisms.  Color,  light  gray  to  dark  brown  red ; 
blackens  by  exposure.  L  =:  pearly  to  vitreous.  H3  to  4.5.  Gr.,  3.7  to 
3.8.  Comp.,  protoiitie  of  iron  61.4,  carbonic  acid  38.6.  This  ore  is 
eilensively  used  in  ibe  mauufacture  of  iron  and  steel.  These,  with  the 
magnetic,  specular,  bog  ore  and  clay  ironstone,  are  the  principal  aourcea 
of  the  : 
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EXAMtNATION  OF  A  SOLID  CODY. 

310l.  Note  its  atate  of  aggregate,  hardness,  specific  gravity,  fracture, 
lustre,  color,  locality  and  associates.  Heat  a  portion  of  the  substance, 
(reduced  to  a  fine  powder)  in  a  test  tube  ;  if  no  change  cf  color  appears, 
it  is  frea  from  organic  matler. 

It  ii  free  from  water,  if  there  is  no  oliange  cf  weight. 

If  organic  matter  is  present,  it  blackens  first,  then  reddens. 

No  organic  matter  is  present,  if  it  entirely  Tolatiliies. 

It  is  a  compound  of  two  or  more  substances,  when  only  a  portion  Tolat- 

/(  i>  an  alkali  or  alkaline  earth,  if  it  fuses  without  any  other  change. 

la  it'soluble,  insoluble,  or  partially  soluble  in  water ! 

Is  it  soluble  with  boiling  dilute  hydrochloric  acid  ? 

Take  two  portions  of  the  substance,  burn  one  part,  and  to  the  other, 
add  dilute  hydrochloric  acid ;  if  no  efferTescence  takes  place  until  we  put 
dilute  acid  on  the  burnt  substance,  it  shows  the  presence  of  an  organie 

The  substance  may  be  either  a  borate,  oarijonnle,  chlorate,  nitrate, 
phosphate  or  sulphate. 

Borates.  The  alkaline  boratea  are  soluble  in  water,  the  others  are 
nearly  insoluble.  They  are  deoomposed  in  the  wet  way  by  sulphuric, 
nitric  anil  hydrochloric  acids,  thus  liberating  boracic  acid.  If  Ihe  mis- 
ture  of  any  borate  and  fluorspar  be  heated  with  sulphuric  acid,  fluoride 
of  boron  is  disengageii,  recognized  by  the  dense,  white  furaes  it  giTea  off 
in  the  air,  and  its  mode  of  decomposition  by  contact  with  water.— ,ffiej- 
na'tlls. 

Otherwise.  From  moderately,  dilute  solutions  of  borates.  Mineral 
acids  separate  boracic  acid,  which  crystallizes  in  scales. 

Othenoise.  Heat  the  solution  of  a  borate  with  one-half  its  volume  of 
concentrated  sulphuric  acid  and  the  same  of  alcohol.  Kindle  the  latter. 
The  boracic  acid  imparts  a  fine  green  color  to  the  flame.  Stir  the  mix- 
ture whilst  burning.  Melt  the  borate  with  two  parts  of  fluorspar  and  one 
■  of  biaulphuret  of  potash  in  a  dark  place;  the  flame  at  the  instant  of 
fusion  is  tinged  green. 

Carbonatss.  Dissolved  in  cold  or  heated  acids,  disengage  carbonic 
acid  with  u  lively  effervescence,  which,  if  conducted  throagh  a  tube 
into  lime  water,  gives  the  latter  a  milk-white  appearance.  This  gas  will 
also  slightly  redden  blue  litmus  paper  previously  moistened;  but  heat 
restores  the  blue  color.  If  the  gas  is  collected  in  a  tube,  and  a  small 
lighted  taper  let  down  into  it,  it  will  be  silinguished. 

An  engineer  conatructiDg  tnnnels  or  subterraneous  works,  will  find  the 
above  tests  sofBcient  to  warn  him  of  approaching  danger  from  "foul  air" 
or  "choke  damp."  Water  absorbs  an  equal  bulk  of  this  gas,  hence  the 
benefit  of  workmen  throwing  down  a  few  buckets  of  water  into  a  well, 
previous  to  going  down  into  it  after  recess.  Although  the  above  tests 
will  detect  the  presence  of  carbonic  acid  in  subterraneous  work,  where 
the  air  may  be  impure,  it  requires  the  greatest  caution  on  tbo  part  of 
the  engineer  to  preserve  the  health  of  the  workmen. 

Carbonic  acid,  is  inodorous  and  tasteless.  Sulphuretted  hydrogen  bns 
the  odor  of  rotten  eggs,  and  is  often  fonnd  in  subterraneous  works. 
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Alkaline  C3irbDiia.tcs  arc  soluble,  the  other  cnrbonntes  are  not. 
Nitrates.     All  nitratea,   eicepting  a  few  Bub-nitratea,  are  soluble  in 

A  solid  nitrate,  heated  with  onnoentrated  sulphuric  acid,  eTolvea  fumes 
of  nitrous  acid,  Eometimes  accompunieil  by  red-brown  vapors  of  peroiid* 
of  nitrogen. 

Othermss,  heat  the  nitrate  with  concentra  d  Ipli  a  d  th  n  put 
in  a  slip  of  oleaa  metallic  copper,  red  vapor  fp  xJ  Jntgnae 
evolved. 

Othertcist,  to  a  solutiou  of  a  nitrate,  add  ! 
phurio  acid.  When  Cool,  suspend  a  crys 
(green  copperas.)  After  sometime,  a  brown 
crystal.     The  liquid  in  tills  case  must  not  b 

Phosphates.  Generally  dissolve  in  nit 
Sniplturic  acid  does  not  give  any  reactioi 
them.  With  phosphates  solnble  in  water,  ni 
yellow  phosphate  of  silver.     Is  soluble,  with  difficulty,  i 

Phoiphatea.  Insoluble  in  water,  are  dissolved  in  nitric  acid,  then  this 
solution  is  neutralized  by  ammonia  ;  to  this  neutral  mixture,  the  nitrate 
of  silver  test  gives  tbe  above  yclloiv  color. 

Sesquioxidt  of  leoit.  In  an  alkaline  solution  of  a  phosphate,  gives  an 
almost  wbite  gelatinous  precipitate  of  phosphate  of  seaquiuxide  of  iron. 
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Molgbdale  of  Ammonia,  added  to  any  phosphate  solution,  and  then 
nitric  or  tiydroctiloric  acid  added  in  eioeas,  a  yellow  color  soon  appears, 
and  subsequently  a  yellow  precipitate. 

This  is  a  very  characteristic  tost,  fll  subatanoe  onght  to  be  first 
dissolved  in  nitric  acid,  and  then  neany  neutralized  before  adding  the 
molybdate  of  ammonia. 

Sulpholfs.  Nearly  all  the  sulphates  are  soluble  in  water.  They  do 
not  effervesce  with  acids.  This  distinguishes  them  from  Carbonates. 
The  sulphates  of  baryta,  strontia  and  lead,  arc  nearly  insoluble  ;  that  of 
lime  is  slightly  soluble. 

From  all  the  soluble  sulphates,  nitrate  of  baryta  or  chloride  of  barium, 
throws  down  a  white  precipitate  insoluble  in  nitric  acid,  which  is  a 
characteriatio  property  of  the  sulphates.  In  applying  this  test,  tLe 
solution  ought  to  be  neutral  or  nearly  go.  This  can  be  done  by  adding 
Magnesia  to  the  solution  so  as  to  render  it  equal  to  sulphare  of  magnesia, 
MgO,  SO3. 

BLOW  PIPE  EXAMINATIONS. 

SIOm.  JTeat  aporlion  of  the  subatanoe  on  charcoal,  in  the  inner  flams 
of  tlie  blow  pipe. 

If  potash  or  soda,  the  flame  is  tinged  yellow. 

If  ao  alkaline  earth,  (barium,  calcium,  strontium,  magnesium,)  it  will 
radiate  a  white  light,  and  ia  infusible.  Now  moisten  this  infusible  mail 
Kith  nitrate  of  cobalt  and  heat  again. 

Ifthejtamc  becomes  blue,  alumina  is  present. 

Ifgretn,  oiide  of  line. 

IfpaUpinh,  magnesia;  but  if  silica,  il  will  fuse  into  a  colorless  bead, 
on  the  addition  of  carbonate  of  soda, 

in 
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If  a  bead,  or  colored  infuaib!e  reHidue  is  formed,  mii  it  witli  carbonate 
of  soda,  Bud  heat  on  chBTCoal  in  the  inner  flame  of  the  blov  pipe. 

I/tin,  copper,  tilosr  or  gold,  are  present,  a  bead  of  tiie  metal  will  be 
formed,  without  an;  incruetation  on  the  charcoal. 

If  iron,  cobalt  or  aided,  are  present,  the  metal  will  be  miied  up  with 
the  carbonate  of  soda,  giving  the  bend  a  gray  opaque  appearance.  ^ 

If  zinc  oT  anlimoti!/,  it  will  give  o.  white  deposit  around  tbo  bead. 

If  lead,  bistautb  or  cadraium,  a.  yellow  or  brown  deposit. 

QUALITATIVE  ANALYSES  OF  METALLIC  SUBSTANCES. 

310m.  Let  M  =  equal  the  mass  or  Bubstaoce  to  be  analyzed.  We 
reduce  it  to  a  fine  powder  and  boi!  with  hjdroehloiie  acid,  bo  as  to  reduce 
it  to  a  chloride,  but  if  we  suspect  the  presence  of  a  metal  not  soluble 
by  the  above,  we  boil  it  with  aqua  regia  (^  oitro-hjdrochloric  acid) 
until  it  is  dissolved ;  then  we  evaporate  and  boil  again  with  dilute 
hjdrochlorio  acid  and  evaporate  to  dryness,  and  so  continue  till  every 
trace  of  nitric  acid  disappears.  We  have  the  metals  now  reduced  to 
chlorides,  which  are  soluble  in  distilled  water.  The  solution  is  now  set 
ftside  for  analysis,  which  is  to  be  acid,  ueulcnl  or  alkaline,  as  the  nature 
of  the  reagent  may  require. 

The  Bolutiou  is  acid  if  it  changes  blue  litmus  paper  red.  and  alkaline, 
if  it  changes  red  litmus  paper  blue,  or  turmerii 

Taylor  gives  nitro-prusside  of  sodium  as  a  ve 
He  "passes  a  little  hydrosulpburic  Rcid  into  thi 
and  then  adds  the  solution  of  tJie  nitco-prusaid 
k  magnificent  rose,  purple,  blueHj^rimson  coloi- 
of  the  alkaline.  This  will  incite  an  alkali 
carbonates,  and  in  the  least  oiideabla  oiidea,  s 

The  meials  are  divided  into  groups  or  classes. 

Class  I.  Pofasb  —  KO,  soda  =  NaO,  and 
these,  in  an  acidified  solution,  gives  a  preclpi 
ftcid,  bydvosulphate  of  ammonia,  or  carbonate  of  soda. 

ClASS  II.     Magnesia,  MgO.   Lime,  CaO.    Baryta,  BaO.    Strontia,  SrO. 

None  of  these  gives  a  precipitate  with  hydrosulpburic  acid,  or  bydro- 
aulphate  of  ammonia. 

Carbonate,  or  phosphate  of  sodi 
copious  white  precipitate  insoluble 

Class  III,  Alumina  =  AlZQ*. 
Oiido  of  line  ZnO. 
Oxide  of  chromium. 
Protoxide  of  mangan 

la  neutral  solutions  these  metals 


■  of  sodium,  which  gives 
according  to  the  strength 
in  borates,  phosphates, 
.il  magnesia." 


NH3.     None  of 
with  hydrosulpburic 


e  MuO. 


either  of  this  class,  gives  a 

(liido  of  nickel  NiO. 
Oxide  of  cobalt  GoO. 
Protoxide  of  iron  FeO. 
Per  oxide  of  iron  Fe^Os. 
•e  precipitated  by  hydrosulphate  ol 


In  a  slightly  acid  solution,  bydrosulphuric  acid  gives  no  preoipitati 
Bioeptjng  with  peroside  of  iron,  with  which  it  gives  a  yellowish  whilt 

CtABS  IV.  Arsenious  acid  AsO*,  arsenic  acid  AsO*,  teroiide  of  anti 
mony  Sb03,  oxide  of  mercury  HgO,  peroxide  of  mercury  HgO^,  oxide 
of  lead,  copper,  silver,  tin,  bismuth,  gold  and  platinum. 

At!  of  this  olaiB  are  precipitated  from  their  «cid  solution  bybydrosul 
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phtiHc  acid.     We  can  thus  deCermine  to  wbicb  of  tbe  four  classes  of 
inelals  the  substance  under  eiaminatioD  beloDga. 

Potash,  in  a,  solution  of  cliloride  of  potaseium. 

*  EicUoride  of  platinum,  in  a  neutral  or  sHghtly  acid  aolutioo,  giret 
A  fine  yellow  crystalline  prec,  ^  ECl.  Pt.  CIS,  sligtlj  soluble  in  water, 
but  insoluble  in  alcohol;  somcnhat  soluble  in  dilute  acids.  When  tba 
solution  is  dilute,  evaporate  it  with  the  reagent  on  a  water  bath,  and 
then  digest  the  residue  witb  alcobo!,  'when  tJie  above  yellow  crystals  will 
appear. 

Tartaric  acid.  Let  the  solution  be  oonceut rated,  Ihen  add  the  reagent, 
and  agitate  the  mixture  with  a  glass  rod  for  some  time,  and  let  it  remain, 
when  a  white  prec,  slightly  soluble  in  water,  will  appear,  the  preo  = 
KO.  HO.  C3  Ht  010. 

Blote  Pipe  jlome.  Wash  the  plafinTim  wire  in  distilled  wafer,  then 
place  a  piece  of  the  salt  to  be  examined  on  the  wire,  which  will  giTe  & 
violet  color  to  the  outer  Same. 

Alcohol  flams,  having  a  potash  salt  in  solution,  giyes  the  same  reaction 
aa  the  last. 

Soda,  in  a  solution  of  sulphate  of  soda. 

Siohloride  of  platinum,  added  as  for  potassa,  then  evapornted,  will  give 
yellow  needle-shaped  crystals  different  from  that  by  potassa.  The  preo. 
is  readily  soluble  in  water  and  lAcf^ot. 

Anlimoniate  of  potash.     Let  the 
trated,  and  the  solution  un 
then  apply  the  reagent,  which,  If  soda  is 
orjstalline  prec.  of  antimoniate  of  soda. 

BlfiwPipe.  Hold  the  salt  on  the  platinum  wire  in  the  inner  or  reducing 
flame,  it  will  impart  a  golden  yellow  color  tfl  the  outer,  or  oxidiiing  flame. 

OxiDH  OF  Aji.honium,  NH*0,  in  a  solution  of  chloride  of  ammoninra. 

Bichloride  of  platimtm  gives  the  same  reaction  as  for  potassa.  If  WB 
have  a  doubt  whether  it  is  potassa  or  antmonia,  ignite  the  precipitate 
and  digest  the  residue  with  water,  then,  if  nitrate  of  silver  be  added, 
and  gives  a  precipitate,  it  shows  the  presence  at  potassa.  In  this  case 
we  must  take  care  that  all  traces  of  hydrochloric  acid  are  removed. 

Seated  in  a  test  lube.  If  the  substance  be  heated  in  a  test  tube  with 
Bome  hydrate  of  lime,  or  caustic  potassa  or  soda,  it  will  give  off  the  pecu- 
liar odor  of  ammonia,  itnd  changes  moistened  turmeric  paper  brown  and 
red  litmus  paper  blue.    If  this  docs  not  happen,  we  say  ammonia  is  absent. 

Bartta,  =  BaO,  in  a  solution  of  chloride  of  barium. 

Sulphuric  acid.     White  preo.  in  very  dilute  solution,  insoluble  in  dilutt 

Salphate  of  time,  in  solution,  gives  an  immediate  prec,  requiring  600 
times  its  weight  of  water  to  dissolve  it. 

Oxalate  q^^monia.  White  prec.  readily  sol.  in  free  acids.  This  il 
the  same  reMKn  as  for  lime,  but  it  requires  a  stronger  solution  of  baryta 
than  of  lime. 

Flame  of  alcohol,  containing  baryta,  is  yellowish,  i 
that  of  lime,  which  has  a  reddish  tinge,  and  strontia,  which  is  ce 

Biota  Pipe,  in  the  inner  Bsme,  the  subslance  strongly  heated  o 


and  the  reagent  be  concen- 
slightly  alkaline  or  neutral ; 
present,  will  produce  a  white 


s  different  from 


■Thoisni»n,dwith«[ 


ntherni 
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nam  wire,  impirla  a  light  green  color  to  the  outer  flsme.  If  Ihe  sab- 
Btance  be  insoluble,  first  moisten  it  with  dilute  hydrochloric  acid. 

LlHH,  =  CaO,  in  a  Bolutioo  of  chloride  of  calcium. 

Oxalate  of  ammonia.  Let  tJie  BoluCion  be  neutralized  vitli  muriate  of 
ammonia ;  then  add  the  reagent,  which  will  give  b,  copious  white  prec.  of 
'"  oxalate  of  lime,  soluble  in  hydroBhIorio  ncid,  but  insoluble  in  acetioacid._ 
This  detects  lime  in  a  bighlj  diluted  solution. 

Sulphuric  acid,  dilute.  In  conceQtralcd  solntion  gives  an  immediate 
prec.  aolnble  in  much  water,  which  ia  not  Ibe  case  with  barytti. 

Blow  Pipe.  Heated  in  the  inner  flsme,  giTca  an  ovnngc  red  color  fo  (he 
outer  flame.  Moisten  an  icsoluhle  compoand  with  dilute  hjdroohlorio 
acid  before  this  test. 

Stimt  tciih  alcohol,  the  flame  will  be  a  reddish  tint,  but  not  so  red  as 
that  given  by  strontia. 

StEONTiA  =;  SrO.     In  a  solation  of  chloride  of  strontium. 

Oxalate  of  ammonia,  in  concentrated  solation,  a  while  prec,  but  not  in 
dilute  solution.     This  distingaishes  strontia  from  lime. 

Sulphate  of  time.  The  prec.  will  be  formed  after  some  time  even  in  a 
concentrated  solution.     This  distingaishes  strontia  from  baryta.     (See 

Sulp&urie  add  gives  an  immediitte  prec,  in  a  concentrnlcd  solution,  but 
only  after  some  time  in  a  dilute  one,  where  the  prec.  will  be  minute 
crystals. 

In  the  fidme  of  alcohol,  stir  the  misture,  and  a  beautiful  carmine  color 
ia  produced.  . 

BleiB  Pipe,  in  the  inner  flame,  an  intense  carmine  red.  Moisten  the 
inaolnble  compound  with  dilute  II. CI  as  above  for  lime  and  baryta. 

Note.  Salpkaric  acid  gives,  witb  a  weak  solution  of  lime,  no  precipi- 
tate; with  chloride  of  barium,  an  immediate  while  p. ;  with  a  weak  so- 
Intion  of  strontia,  a  prec.  after  aome  time.  The  pruc,  from  baryta  and 
Btrontia  are  insol.  in  nitric  acid,  but  that  from  lime  is  sol. 

Maohesia  MgO.,  in  a  solution  of  snlphnte  of  iiiagne.''ia  MgO.  S03. 

Pho^halt  of  soda,  a  white,  highly  crystalline  prec.  of  phosphate  of 
magaeeia  =  2MgO.  HO.  P0».  In  this  case  the  solution  must  not  he 
Tery  dilute.  By  boiling  the  solution  and  reagent  together  the  prec.  >b 
mpre  easily  prodnced. 

Phosphate  of  soda  and ammoma.  In  nsing  this  rc.igenl,  add  ammonia 
or  its  carbonate,  which  makes  the  prec.  less  soluble.  Agitate  with  a 
glass  rod,  which,  if  it  touches  the  side  of  the  test  tube,  will  cause  the 
prec.  there  to  appear  first.  The  prec.  is  crystalliBe,  stightlj  soluble  in 
water,  less  in  ammonia,  but  readily  in  dilute  acids ;  .  -.  the  solution  must 
be  BHHBOniaeal.  Ignite  this  prec,  the  ammonia  is  driven  oiT,  and  the 
residue  =  phosphate  of  magnesia  =  2Mgl.).  PO^. 

BloiB Pipe.  Moisten  the  substance  with  nitrate  of  cobalt,  acdheat  ia 
the  blow-pipe,  tbe  compound  assumes  a  pale  fiesh  or  roaaP^r. 

Note.     Sulphate  of  lime  gives  a  piec,  with  baryta  and  strontia. 

Oialate  of  ammonia  gives  a  preo.  witb  a  very  dilute  solution  of  lime, 
but  only  with  a  concentrated  solution  of  magnesia  and  strontia,  and  in  a 
much  etronger  sol.  of  baryta  than  lime. 

Pbosphate  of  soda,  with  lime,  a  gelatinous  precipitate, 
do  do         with  magnesia. 
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Hydrojlvoaitic  add,  in  a  Bolufion  of  barjtn,  givea  a,  while,  tranapareiit 
preo.     By  eraporating  the  prec,   to  dryness,  and  washing  the  residue 
with  alaohol,  we  obtiiin  all  of  the  ailico-fluoride  of  barium  ucdisaolved.   . 
If  the  Bol.  is  diluie,  the  prec.  will  be  after  some  time. 
Alcmlna,  (AWB,)  in  a  sol.  of  sulphate  of  alumina. 
Caustic  Ammonia,  (NIl^,)  giiea  a  semi-transparent,  gelatinous,  bulkj 
preo.  nearly  insol.  iu  excess  of  the  ammonia. 

Cauilic  Potash,  (KO,)  gives  a  similar  preo.  soluble  in  an  ejcess  of  the 
reagent,  but  if  we  add  chlorate  of  ammonia  to  the  solution,  Che  alumina 
is  again  precipitatecl. 

Si/droarilphale  0/ Ammoma,  abided  to  a  neutral  solution,  gives  a  white 
preo.  of  hydrate  of  alumina,  (.11203,  HO)  and  liydrosulphurie  acid  is 
liberated. 

Phoephale  0/ Soda,  white  prec,  sol.  in  mineral  acids,  nearly  insol.  in 
ftcetie  acid. 
Limt  Waler,  precipitates  alumina. 

Note.     Ammonia  in  excess  precipitates  alumina,  but  not  magnesia  or 
the  other  alkaline  earths. 
Chkomiuk,  (CrSOS,)  in  a  sol.  of  sulphate  of  chrom. 
Jlydroaiilph.  Acid,  in  neither  acid  or  neutral  solutions,  gives  no  prec. 
HydrBsiiJjihale  of  Ammonia,  iu  a  neutral  solution,  gives  a  dark  green 
preo.  insol.  in  excess  of  the  reagent. 

Caustic  Ammonia,  if  boiled  with  the  solution,  will  produce  the  same  as 
the  last.  It  not  boiled,  a  portion  of  the  preo,  will  re-dissolve,  giving 
the  liquid  a  pink  color. 

Blow  Pipe.  Reduce  the  substance  to  a  scsquioxide  ot  chromium,  which 
will  give  in  the  inner  Same  a  ycilonish  green  glass,  and  in  the  outer 
flame  a  bright  emerald  green. 

Heat  with  a  mixture  of  nitrate  of  potash  ond  carbonate  of  soda;  a 
yellow  bead  ia  formed.  Dissolve  this  bead  in  wate^  acidulated  with 
nitric  acid,  and  aild  acetate^ of  lead;  a  bright  yelloiv  prec.  of  chrumate  of 
lead  is  formed. 

Peroxide  of  Ihos.      In  a  solution  of  sulpliate  of  iron,    FeO.   SO3. 
The  compound  is  boiled  with  nitric  acid  to  osidize  the  metal,  and  then 
evaporated  to  dryness. 
Hydroiidp/iuTtc  Acid,  gives  no  precipitate. 

Sulphide  of  Ammonium,  precipitates  the  iron  completely  as  a  black  pre- 
cipitate of  sulphide  of  iron,  FeS,  which  is  insoluble  in  an  eicess  of  the 

The  above  precipitate  when  exposed  for  some  time  to  the  air,  becomen 
brown  sesquioxide  of  iron. 

Ferrocyanide  of  Potassium,  (prussiate  of  polassjo.)  light  blue  precipitate 
of  KFe3Cfy2.  The  precipitate  is  insoluble  in  dilute  acids.  Phis  ia  tht 
moat  delicate  test  for  iron. 

Suiphocj/anide  of  Polonium.     A  red  solution,  but  no  precipitate. 

lecture  of  Galls.     Bluish  black  in  the  most  dilute  solulion. 

Caustic  Potash,     Reddish  prec.  sol.  in  excess. 

Caustic  Ammonia  the  Same,  insol.  in  excess. 

Blowpipe,  heated  on  a  platiifum  wire  with  borax  in  t^e  enter  flame, 
gives  a  brownish  red  glass,  which  assumes  a  dirty  green  color  in  th« 
■oner  or  reducing  Same. 
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OiiBE  at  Cobalt.     CoO,  in  a  solution  of  nitrate  or  chloride  of  cobalt. 

Ammonia,  when  the  solutjon  doe£  not  contain  fcee  acid,  or  (nuch 
ammoQiacal  salt,  the  metal  is  partially  precipitated  as  a  bluish  precipitate, 
readily  soluble  in  excess  of  the  reagent,  giiing  a  roddisli  brown  solution. 

Sulphide  of  Ammonium.  A  black  precipitate  of  sulphide  of  cobalt,  CoS, 
lolnble  in  nitric  acid,  but  sparingly  in  hydrochloric  acid. 

Saqukarbonate  of  Ammonia.  A  pink  pree.  CoO,  COa  readily  soluble  in 
excess,  giving  a  red  solution. 

Solution  o/Potatia,     Blue  pree   changing  by  heat  to  violet  nnd  red. 

Fcrro(j/anide  of  Potassium.     A  grayish  green  preo. 

Blow  Pipe.  In  both  flames  with  boras,  a  beautiful  blue  glass  whose 
color  is  scarcely  affected  by  other  osides.  In  this  reaction  the  cohalt 
must  be  used  in  a  small  quantity. 

OliDE  OF  NioKBL,  NiO  in  a  sol.  of  sulphate  of  nickel,  NiO,  SOb+tHO. 

Hijdroaulphate  of  Ammonia.  Black  preo.  from  neutral  solution,  slightly 
sol.  in  eioesB  of  the  re.igent,  if  the  ammonia  is  yellow.  The  preo.  is  sol. 
in  NOfi  ind  sparingly  in  HCl. 

Hydrosulphuric  Acid  in  acidified  sol.,  no  pree,  but  in  neutral  sol.,  it 
gives  a  partial  pree. 

•  Caustic  Ammonia.  A  light  green  preo,  sol.  in  eioesa,  giving  a 
pnrpliah  blue  Bolutioa.  In  this  cose  any  salt  of  ammonia  must  be 
absent. 

Caustic  Potash.     Apple  green  pree.  insol.  in  excess. 

FcTTOCyanide  of  Fotatsium,  greenish  white  pree.  Cyanide  of  potassium, 
yellowish  green  pree.  sol.  in  excess,  forming  a  dull  yidlow  sol.  From 
this  last  sol.,  SQ3  precipitates  the  nickel. 

Blow  Pipe.  Any  compound  of  nickel  with  carbonate  of  soda  ot  boras 
in  the  inner  flame,  is  reduced  to  the  metallic  state,  forming  a  dusky  gray 
or  brown  beads.  In  the  outer  flame  the  bead  is  violet  while  hot,  becom- 
ing brown  or  yeHow  on  cooling. 

Oxide  of  Manoanese  =  MnO  In  a  solution  of  sulphate  of  manganese 
=  MnO,  SOS  +  7IIO. 

*■  Hydrosulphate  of  Ammonia  in  neatral  sol.  gives  a  bright  flesh  colored 
gelatinous  pree.  becoming  dark  on  eiposiire  to  the  air.  It  is  insoluble  in 
excess  of  the  reagent,  but  sol,  in  HCl  and  NOB, 

*  Caustic  Ammonia,  if  free  from  muriate  of  ammonia,  gives  a  white  or 
pale  Besb  colored  =  MnO,  HO,  becomes  brown  in  air, 

•  Caustic  Potash,  the  same  as  the  last,  but  muriate  of  ammonia  does 
not  entirely  prevent  the  precipitate. 

Carbonate  of  Potash,  or  Ammonia,  white  pree,  which  does  not  darken 
BO  readily  oa  the  abov«.     It  is  slighllj  soluble  in  chloride  of  ammonium. 

Blow  Pipe.  Mis  the  substance  with  carbonate  of  soda  and  a  little 
nitrate  or  potash,  and  heat  in  the  outer  flame  ;  it  will  give  a  green  color, 
and  produce  manganate  of  soda,  which  will  color  water  green, 

If  the  substance  is  boated  with  boras  in  the  outer  flame,  it  will  pro- 
duce a  bead  of  a  purple  color ;  this  if  heated  in  the  inner  flame  will 
cause  the  color  to  disappear. 

OxiCE  OF  ZiKo,  ZnO  in  a  solution  of  sulphate  of  sine,  Zn,  80  -f7H0. 

*  Hydrosulpliale  of  Ammonia,  in  neutral  or  alkaline  solutj on,  gives  a 
copious  white  curdy  preo.  if  the  sine  ia  pure.  If  iron  is  present  it  will 
ke  colored  in  proportion  to  the  iron  present  in  the  sol. 
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HydTotHlpkuTit  Acid  in  acid  sol,  no  preo. 

Caustic  Ammonia,  or  Potath.  a  white  gelatinous  prec.  sglDbls  id  excess. 
From  either  Bolution  in  eicess,  bjd.  salph.  acid  (IIS)  throws  down  the 
ubite  prec.  of  sulphide  of  lino. 

CoTbrmaU  0/  Potash,  when  no  other  suit  of  potash  1%  present,  giTCB  s 

while  preo.  ^  3  (ZuO,  HO)  +  2  [ZnO,  CO2)  inso).  in  eiceas  of  the  reagent, 

Bloat  Pipe,  tnoisteued  with  nitrate  of  cobalt  »nd  heated  in  the  oat«r 

flame,  gives  a  pale  green  color  which  ia  a  delicate  teal  to  distinguish  it 

from  manganese   alumina  and  cobalt. 

the  compound  with  HCI,  and  at  the 
long  as  red  Samea  of  nitrous  Taper 
0  ns   not   to   redden  the  powder,  and 
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boiling  point, 

U  nl 

1  as 

appear,   then 

P      ' 

1  wly  f 

espel  the  acid 

1     th       d 

1       n 

added  to  the 

h           1 

1  ghtlj 

d  with  HCI,  gives  no  immediate 
prec.,  but  if  all       d  t  d  I      some  time,  or  if  heated  to  boiling  point, 

a  yellow  prec.  is  obtained.  Apply  tho  gas  several  times,  alwaya  heating 
to  boiling  point  each  time. 

Hi/d,  Sutph.  of  Ammonia,  as  in  tlie  above  solution,  but  a  little  more  acid 
gives  the  same  prec.  but  of  a  !i|{hter  color. 

Ammonia  nilrale  of  Silver.  Id  a  neutral  solution  as  first  made,  add 
nitrate  of  silver  which  gives  but  a  faint'  cloudy  appearance ;  now  add 
ammonia  drop  by  drop  till  it  gives  a  yellow  prec.  of  arsenite  of  silver, 
which  iavery  soluble  in  alkali. 

NoiE.  The  same  prec,  is  obtained  from  the  presence  of  phosphate  of 
aoda. 

Seiiischs'  test,  in  a  solution  acidified  by  adding  a  few  drops  of  hydro- 
chloric acid  ia  a  very  delicate  test,  and  considered  nearly  as  delicate  aa 
Marsh's. 

Boil  with  the  acidified  liquid  in  a  (est  tube,  a  clean  atrip  of  copper 
foil;  the  araenio  will  be  pieo.  on  the  copper  as  1  metallic  deposit.  Anti- 
mony, bismuth,  mercury  and  silver,  give  the  same  reduction  as  arsenic. 

Id  order  to  determine  which  is  present,  lake  out  the  copper  foil  and 
dry  it  between  folds  of  filtering  paper,  or  before  a  gentle  heat ;  place  it 
in  a  dry  teat  tube  and  apply  heat ;  the  arsenic  being  volatile,  will  be 
deposited  in  the  upper  end  of  the  tube  as  a  crystalline  deposit,  nsing  but 
gentle  heat.  If  it  were  antimony  it  would  not  be  volatile,  and  would  be 
deposited  aa«  white  sublimato,  insol.  in  water,  amorphous,  and  requir- 
ing more  heat  than  arsenic.  If  il  wore  mercury,  It  would  be  in  small 
metallic  globules. 

itarsh't  test,  is  dangerous,  excepting  in  the  hands  of  an  experienced 
chemist.  Those  who  wish  to  apply  it,  will  find  the  method  of  using  it  in 
Sir  Robert  Kane's  Chemistry,  or  in  those  of  Graham,  Fowne,  Bowman, 
and  others. 

Tbroxide  of  Antihont  =:  SbOS,  in  a  aolutiun  of  chloride  of  antimony 
=^  8bCl3.  This  soludon  is  made  by  dissolving  the  gray  ore,  or  bisulph- 
ide of  antimony  in  hydrochloric  acid ;  the  solution  then  diluted  with 
water,  acidified  with  HCI,  is  examined. 

Sydroiu^hurie  Acid,  gives  an  orange  red  prec.  of  8bS*,  insol.  in  oold 
dilute  acids,  soiubie  in  potassa  and  sulphide  of  ammonia. 

Bydroti^kate  of  Ammonia.  Add  the  reagent  in  small  quantitiei;  it 
will  gits  an  orange  prec.  of  SbW,  ioluble  in  eicess. 
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Cauiiic  Ammonia,  or  Poiatsa.     Add  slowly,  and  it  will  give  a,  irhite 

IFater  in  exceaa.  A  white  preo.  which  orjatalliaes  after  some  tim»,  and 
is  »ol.  in  tai'txrio  acid. 

NoiE.  The  Game  reaction  is  had  with  biamath,  but  the  preo.  is  not 
soluble  io  lartaric  aoid. 

Apiece  of  line,  in  a.  liilnte  solution  made  with  aqua  regia,  preeipitatei 
both  antimony  and  tin. 

A  piece  of  tin,  \a  the  abof  e  boI.,  proc.  the  anlimonj. 

Tekoxide  of  Bismuth,  in  a  solution  of  nitrate  of  teroxide  of  bismuth 
=  Bi03  8N06. 

lljA.  Sulph.  Aoid.  A  blaolt  prec.  insol.  in  cold  dilute  acids,  but  eol. 
in  hot  dilute  nitric  aeid. 

Chromate,  or  Bichromate  of  Potash,  yellow  preo.  very  boI.  in  dilute  nitrio 

Water  in  excess,  added  to  a  solution  of  sesqui chloride  of  bismuth, 
Blightl;  Boidifiecl  with  hydrochloric  acid,  produces  a,  white  prec.  insol. 
in  tartaric  acid,  which  di)^tiiiguishes  it  from  atitimoiij. 

Beat  a  salt  of  BiamulL  It  tuius  yellow,  but  on  cooling  off,  become* 
again  colorless. 

Blovi  Pipe.  In  the  inner  flame  with  carbonate  of  soda,  it  forma  email 
metallic  globules,  easily  broken. 

Blov!  Pipe.  In  the  outer  flame  with  boras,  gives  a  yellowish  bead, 
becoming  nearly  colorless  when  cool. 

OxiDR  OP  Tin  =  SnO,  in  a  sol.  of  chloride  of  tin,  SnCl. 

UydrnaulphuTie  Acid,  dark  browu  preo.  in  neutral  or  acid  solutions. 
Insol.  in  cold  dilute  acids.  If  the  prec.  is  boiled  with  nitric  acid,  it  is 
converted  into  the  insoluble  hinoiide  of  tin. 

Ilj/dromljihale  of  Ammonia,  brown  prec.  sol.  in  eicesE  If  the  reagent  is 
yeliow. 

Chloride  of  Mercury.  First  a  white  prec.  (hen  a  gray  preo.  of  metallic 
mercury,  eyen  in  sery  dilute  solution  and  in  the  presence  of  much  HCl. 

Caustic  Ammonia,  white  bulky  prec,  insol.  in  excess. 

Cauilic  Putath,  do.  =  SnOHO,  sol.  in  eicess.  . 

Terchloride  of  Oold  =  (A.uC\3)  very  dilute.  In  dilute  solutions,  gives 
a  dark  purple  prec.  known  aa  the  purple  of  Cassius.  If  this  mixture  is 
now  heated,  it  ia  resolved  into  metallic  gold  and  binoiide  of  tin. 

Peroxide  oi  Tin  ^  Sn02,  in  a  sol.  of  bichloride  of  tin  =  SaCla. 

Hyd.  Sulph.  Aeid,  bright  yellow  prec.  insol.  in  dilute.  SOS,  or  HCl, 
made  insoluble  by  boiling  with  NC^,  soluble  in  HCl  added  to  a  litte  S06. 
Sol.  in  alkalies. 

Caustic  Folassa,  or  Ammonia,  wiiitt  bulky  prec.  sol.  in  eioess, 
especially  with  polaasa.  The  ptec.  with  ammonia  is  SnO^.HO,  and  witli 
potasBii  =  KO,  BnO^. 

Slovi  Py}e,  In  the  outer  flame  with  borai,  it  will  give  a  colorless  bead, 
but  if  there  is  much  tin,  the  bead  will  be  opa([ue. 

Apiece  of  clean  line,  in  a  sol.  of  percbloride  of  tin,  WJII  precipitate  the 
tin  in  the  metallic  state  in  beautiful  feathery  ccygtals  ;  which  under  the 
microscope  appear  as  brilliant  crystalline  tufts. 

OxiDS  o»  MsKouBY  ^:  HgO,  tu  ft  solution  of  bichloride  of  mercury, 
(corrosive  sublimate)  =  HgCl*', 
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Hydroiulphwie  Acid,  added  slowly,  giTea  a  white  or  yellow  preo.  If 
added  in  excesa,  it  giyea  a  black  prec.  of  HgS,  icaol,  in  dilute  S03,  HCl 
or  HOB.  It  is  soluble  in  aqua  tegia  witli  the  aid  of  heat.  If  lie  precipi- 
tate be  dried  and  heated  in  a  test  tuhe,  metallic  mercury  is  produced. 

Chloride  0/  Tin,  add  slowly,  a  white  prec.  of  Hg2Cl  =^  subohloride  of 
mercury  will  appear,  this  prec.  becomes  gray  irith  an  eicesB  of  the 
reagent.  If  we  boil  this  precipitate  in  its  solution,  the  mercury  is 
reduced  to  the  metallio  state. 

*  Iodide  of' Potassium,  add  drop  by  drop,  gives  a  beautiful  red  preo. 
soluble  in  an  excess  of  either  the  solution  or  reagent. 

Ileal  a  strip  of  copper,  the  mercury  will  be  deposited  on  it  which  when 
rubbed  will  appear  like  silver.  If  the  strip  be  heated  in  n  test  tube,  the 
mercury  will  appear  in  minute  globules  in  the  cool  part  of  the  tube. 

Oxide  or  Lead  =  PbO,  in  a  solution  of  nitrate  of  lead,  =  PbO,  N06,    • 
made  by  dissolving  the  substance   in   nitrio   acid,  and   allowing  it  to 
crystallise.     We  may  also  use  a  solution  of  acetate  of  lead.     Acetate  of 
lead  is  formed  by  dissolving  oiide  of  lead  in  an  excess  of  acetic  acid, 
then  evaporate  to  dryness,  the  salt  is  acetate,  or  sugar  of  lead. 

The  following  reactions  tale  place  with  nitrate  of  had: 

Hydrosulphurio  acid,  in  neutral  or  slightly  acid  solution,  gives  ablact 
prec.  of  sulphide  of  lead  =  PbS,  but  if  boiled  with  nitrio  acid,  it 
becomes  PbO  +  SOj- 

Caustic  Ammonia,  a  white  preo.  insol.  in  excess.  Other  ammoniacal 
salts  must  not  be  present.  • 

miale,  S03,  a  white  heavy  prec.  nearly  insol,  in  acids,  but  soluble  in 
potassa.  Now  collect  (he  pree.  and  moisten  it  with  a  little  hydrosulphale 
of  aoimonia,  it  will  become  black.  This  disUnguishes  lead  from  baryta 
aod  strontia,  which  are  insoluble. 

Carbonate  ofPolassa,  white  prec.  icsol.  in  excess.    Prec.  =  PbO,  COS. 

Iodide  of  Potassium,  beautiful  yellow  preo.  If  this  is  boiled  with  water 
and  allowed  to  cool,  beautiful  yellow  scales  are  formed, 

Chromaie  o/Folassa,  fine  yellow  preo.  insol.  in  dilute  acids,  but  sol,  in 
potassa. 

JlydrocMorio  Add,  a  white  pree,  Boi!  the  solution  and  let  it  cool,  then 
needle-shaped  crystals  will  be  formed. 

Oxide  of  Silver,  AgO,  in  a  solution  of  nitrate  of  silver. 

Hydrochlorii:  Acid,  or  any  soluble  chloride,  a  white  curdy  prec.  of  chloride 
of  silver,  insol,  in  water  and  nitric  acid,  sol.  in  ammonia.  This  becomes 
violet  on  exposure  to  light,  and  is  sparingly  sol,  in  HCl. 

Common  Table  Sail,  gives  the  same  prec, 

Syd,  Sulpk,  Add,  and  Ilyd.  Sulphate  of  Ammonia,  gives  a  black  preo. 
insoL  in  dilute  acids,  but  sol.  in  boiling  nitric  acid, 

Caiatic  Ammonia,  brown  prec.  sol.  in  excess. 

Cauelic  Potassa,  brown  prec.  insol.  in  excess. 

Pho^hate  of  Soda,  a  pale  yellow  preo.  sol.  in  NQE  and  ammonia. 

Chromate  of  Potassa,  dark  ovimson  prec. 

NorB.     With  lead,  the  prec.  would  be  yellow. 

Slip  of  dean  copper,  iron  or  zinc,  suspended  in  the  liquid,  precipitates 
'he  silver  in  the  metallio  state. 

Moth.  Silver  is  precipitated  by  other  metals  more  electro-negative, 
such  as  tin,  lead,  manganese,  mercury,  bismuth,  antimony,  and  arsenic. 
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OxiDB  or  CoppBB.  CuO,  in  a  solution  of  Bulphate  of  copper  = 
CuO,  SO3  +  6H0. 

Eyd.  Svlph.  Add,  in  a  neutral,  acid  or  alkaline  solution,  gives  a  bWk 
preo  —  CuS,  iosol.  in  dilute  SO3.  or  HCI,  but  Bol.  in  moderately  dilute 
nitric  acid.     Insol.  in  eicesB  of  the  reagent. 

JSjci.  Sulphate  of  Ammonia.  The  same  as  the  last,  excepting  that  the 
reagent  in  excess  dissotrcB  the  preo. 

Cauitic  Ammonia,  added  alowlj,  precipitates  any  iron  as  a  greenish  or 
red  brown  mud,  and  the  supernatant  liiiuid  ia  of  a  fine  blue  color.  With 
nickel,  ammonia  gives  a  blue  but  of  a  pale  sapphire  color,  whilst  that 
of  copper  gives  a  deep  ultramarine. 

Caaitm  Polaisa,  blue  preo.  insol.  in  excess.  If  the  potassa  be  added  in 
exness  and  tiien  boiled,  the  prec.  will  be  black  oxide  of  copper  =  CuO. 

Ferrocyanide  of  Potasiium  =  Pruimle  of  Fotaiia,  gives  a  chocolate 
colored  prec.  =  Cu2,  FeCyS,  insoluble  in  dilute  acids.  This  is  a  very 
delicate  test.  The  preo.  is  soluble  in  ammonia.  Potasaa  decomposes  it. 
Before  adding  this  teat,  acidify  the  solution  nith  acetic  acid  or  acetate 

If  but  a  small  quantity  of  copper  is  present,  no  preo.  will  be  produced, 
but  the  solution  vpill  have  a  pink  color. 

-  Iron  or  Sled perfeclly  cleansed  in  a  neutral  sol.  or  one  slightly  acidified 
with  S03,  will  become  coated  with  metnliio  copper,  thus  enabling  ua  to 
detect  a  minute  quantity  of  copper,  which  is  sometimes  entirely  precipi- 
tated from  it*  Holution,  This  detects  1  of  copper  in  180,000  of  solution. 
Blow  Fipe.  In  the  outer  flame  with  borax  wbile  hot,  the  copper  aatt  ia 
green,  but  becomes  blue  on  cooling.' 

.  Tbkoxidk  op  GoiB  =  Au03  in  a  solution  of  terchloride  of  gold, 
-     ffydTosalpk-aric  acid,  black  prec.  of  tersulphide  of  gold  =  AuSs,  insol. 
in  mineral  aeids,  but  sol.  in  aqua  regia. 

Sulphate  of  Iron,  blnish  black  preo.  becomes  yellow  when  burnished. 

Oxalif  acid,  if  boiled,  a  preo.  of  a  purple  powder,  which  will  afterwards 
cohere  in  yellow  flakes  of  metallic  gold  when  burnished. 

Chloride  of  Tin,  with  a  little  Uthloride  of  tin,  gives  a  purple  tint,  whose 
color  varies  with  the  quantity  of  gold  in  the  solution,  and  is  insol.  in 
dilute  acids.  In  using  this  test,  first  add  the  golden  solution  to  the 
chloride  of  tin,  and  than  add  the  solution  of  bichloride  of  tin,  drop  by 
drop  If  ohly  a  small  quantity  of  gold  is  present,  the  solution  will  have 
but  a  pink  tinge. 

Tin-iron  Solution.  This  reagent  is  made  by  adding  sesqui chloride  of 
iron  to  chloride  of  tin,  till  a  permanent  yellow  is  formed. 

Pour  the  golden  solution,  much  diluted  in  a  beaker,  and  set  it  on  while 
paper.  Now  dilute  the  tin-iron  reagent,  and  dip  a  glass  rod  into  i'l 
which  remove  and  put  into  the  gold  solution,  when,  if  a  trace  of  gold  is 
present, «  purple  or  bluish  streak  will  be  in  the  track  of  the  rod.  This 
may  be  used  in  aoid  solutions. 

BitroxiOE  or  Platinum  =  PtO^,  in  a  solution  of  bichloride  of  platinum, 

ffvd.  Sulphuric  Acid,  black  prec.  when  boiled,     Insol,  in  dilute  acids- 

Chloride  ofAmmonitim.  After  several  hours,  a  yellow  crystalline  prec. 
s  lightly  sol.  in  water,  but  inaol.  in  alcohol. 

CMoride  of  Tin,  in  the  presence  of  hydrochlorio  aoid,  is  a  dark  brow" 
okr ,  but  if  the  solution  is  dilute,  the  color  ie  yellow. 
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The  mineral  ii  finely  pulverized,  in  an  agdte  or  sloel  mortor.  The  peatle 
is  to  have  b  rotary  motion  ho  as  not  to  waste  any  part  ot  the  mineral. 
When  pulverized,  wash  and  decant  the  fine  part  held  in  the  solution,  and 
agiun  pulverize  the  coarse  part  remaining  after  deoantation. 

If  the  mineral  is  malleable,  we  file  off  enongli  for  analjaia. 

Digating  the  mineral,  is  to  keep  it  in  contact  with  water  or  acid  m  a 
beaker,  and  kept  for  some  time  at  a  gentlfl  heat.  If  the  mineral  Ib 
insol.  in  water  or  HCl,  we  use  aqua  regia,  (nitro-hydroohloric  acid) 
composed  of  four  parts  of  hydrochloric  acid  and  one  part  of  nitric  acid. 
Aqua  regia  will  dissolve  all  the  metals  but  silica  and  alumina. 

FilieTing  papers,  are  made  'of  a  uniform  siie,  and  the  weight  of  (he  ash 
of  one  of  them  marked  on  the  back  of  the  parcel. 

Filtering. — One  of  the  tillering  papers  ia  pjaced  in  a  glass  funnel  which 
ia  put  into  a  large  teat  tube  or  beaker,  and  then  the  above  aolution 
poured  gently  on  the  side  of  the  filtering  paper,  wash  the  filter  with 
distilled  water.  The  filter  now  holds  silica  and  alumma.  Burn  the 
filter  and  precipitate  or  insoluble  residue,  the  increase  of  weight  will  be 
the  siliceous  matter  in  the  amount  analyzed,  which  may  he  twenty-fire, 
fifty  or  one  hundred  grains,  perhaps  fifty  grains  will  be  the  moat  oon- 
Tenient;  therefore,  the  increase  of  weight  found  for  siliceous  matter  if 
multiplied  by  two,  will  give  the  amount  per  cent. 

Decanting,  is  to  remove  the  supernatant  liquid  from  vessel  A  to  vessel 
B,  and  may  be  easily  done  by  rubbing  a  little  tallow  on  the  outaide  of 
the  edge  of  A,  over  which  the  liquid  is  to  pass,  and  holding  a  glass  rod  in 
B,  and  bringing  the  oiled  lip  of  A  to  the  rod,  then  decant  the  liquid. 

The  Engineer  is  supposed  to  have  seen  some  elementary  work  on 
Chemistry  or  Pharmacy.  Fowne's,  Bowman's  and  Lieber's  are  very 
good  ones ;  from  either  of  which  he  can  learn  the  first  rudiments. 

The  following  table  shows  the  substancea  treated  of  in  this  work, 
showtng  their  symbols,  equivalents  or  atomic  weights  and  compounds. 

310P.  TABLl  OP  SIMB0L3  AKD  EQUIVALENTS. 


.^e. 

'H 

Eqni- 

COIDpOUDd. 

^"t" 

Al 

Sb 
As 

Ba 

Bi 

Cd 
Ca 
C 

CI 

14 
14 
14 
129 
75 
75 
69 
69 
107 
107 
107 
56 
66 
20 
20 
6 

6 
36 

A12C13.  Chloride  of  Alnmiuum 

41303,  3S03,  Sulphate  of  Alumina... 

^^^."  ^     

172 

AsOa,  Afsenious  Acid 

AaOS,  Arsenic  Acid 

Barinm..!.!!!!! !!.!!!.'!! 

116 

BaCl,  Chloride  of  Barium 

Bi:i03,  eesquioxide  ofBismulh 

BiaOs,  8N06,  Nitrate  ofBiemuth 

Bi3,  CIS,  Sesqui chloride  of  Bismuth. 

66 
2S 

88 
76 
»87 

a05,  Chloric  Aoid...: _ 
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»^.. 

%t 

?r 

0..,...l 

^t 

Ur 
Co 
Cu 

F 
ka 

H 

I 

Pe 
Pb 

Mg 

28 

80 
80 
32 
32 
32 
18 
200 
200 
200 
I 
] 
126 
126 
E8 
28 
104 
104 
104 
12 
12 

Cc^Oa,  8803,  Sulphateof  Chromium. 

Copper,  (Cnprum)... 

" 

80 

Gold,  (Antum) 

AuO,  Oxide  of  Gold 

208 

Irou,  (Pcram) 

Lead,  (Plumbum)... 

MgCl,  Chloride  of  Magnesium 

Mn 

Hg 

Ni 
N 

0 
P 

Ft 
E 

28 
28 

28 

202 
202 
202 
30 
30 
14 
14 
14 
8 

82 
82 
32 

99 
40 
40 

MnO,  Protoxide  of  Manganese 

MnOa,  Binoside  or  Black  Oxide  of 

HgOa,  Red  or  Binoiide  of  Mwoory. 

HgCIa,  Perchloride  of  Meroury 

Oiygen ~. 

Air  ^   23.10   of  0,   and  76.9  per 

PH3,  PhoBphoretted  Hydrogen 

PolaBBium,  (Rolinm) 

8i 
Ag 

Na 

Sr 

8 

Sn 
" 
Zn 

108 
108 
24 
24 
44 
44 
16 
10 
69 
69 
32 
32 

SiWet,  (Argentum).. 

Sodium,  (Xalroniam; 

Tin,  {StanmmJ 

fi7 

ZdCI,  Chloride  of  Zino 
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310s.  Tha  fertility  of  soila  •"■compoBed  of  their  BiJioeoaa  matter, 
phosphoric  acid  ildiI  alkn'je^.  Ihe  tatter  ought  to  be  abundant.  Tbe 
Burrejor  aaj  judge  of  the  soil  by  the  cropa — as  follows ; 

If  tbe  straw  or  stalks  lodge,  it  shows  a,  want  of  silica,  or  that  it  is  in 
an  iosoiuble  condition,  and  requires  lime  and  potash  to  render  it  solul'lo. 

If  the  seeds  or  heads  does  not  Gil,  it  shows  the  want  of  phosphoric 

If  the  leaves  are  green,  it  shows  the  presence  of  ammonia ;  bu  If  th  c 
loaves  are  brown,  it  shows  the  want  of  it. 

Chemical  analysis.  67  qualitative  analysis,  wo  determine  the  simpl 
bodies  which  form  any  compound  substance,  and.in  what  state  or  combi- 

Quantitalive  anal;/>ia,  poiota  out  in  what  proportion  these  simple  bodies 
are  combined. 

A  body  is  organic,  inorganic,  or  both. 

The  body  ia  organic,  if  when  heated  on  a  platinum  foil,  or  clean  sheet  of 
iron  over  a  spirit  lamp.  It  blackens  and  takes  Gre.  And  if  by  continuing 
the  heat  the  whole  ia  burnt  away,  we  conclude  that  the  sabstanoe  was 
entirely  organic,  or  some  salt  of  ammonia. 

Sohtbh  in  icater. — The  substance  is  reduced  to  powder,  and  a  few 
grains  of  it  is  put  with  distilled  water  in  a  test  tube  or  porcelain  capsnle ; 
if  it  does  not  dissolve  on  stirring  with  a  glass  rod,  apply  gentle  beat.  If 
there  is  a  doubt  whether  any  part  of  it  dissolved,  evaporate  a  portion  of 
the  solution  on  platinum  foil ;  if  it  leaves  a  residue,  it  proves  that  tbe 
substance  is  partially  soluble  in  water.  Hence  we  determine  if  it  is 
soluble,  insoluble  or  partially  ao  in  distilled  water. 

SJibsiancM  aoluble  in  tvater,  are  asfoUowt: 

PofBssa     All  the  salts  of  potassa. 

Soda         Do  do.  do. 

.ilmmonia      (Caustic,)  and  all  the  ordinary  salts  of  it. 

Lime     Nitrate,  muriate,  (chloride  of  calcium.) 

Magnaia.      Sulphate  and  muriate. 

Alumina      Sulphate. 

Iron      Sulphates  and  muriates  of  both  oxides. 

Substances,  insoluble,  or  slightly  soluble  in  water,  are  as  followa: 

Lime     Carbonate,  phosphate  and  sulphate  of. 

Magnesian     Phosphate  of  ammonia  and  magnesian. 

Xagneaia     Carbonate,  phosphate  of. 

Alumina,  and  it^  phosphate. 

Iron,  oxides,  carbonate,  phosphate  of. 

Inorganic  substances  foand  in  plants,  as  bases,  are — alumina,  lime, 
magnesia,  potash,  soda,  oxide  of  iron,  oxides  of  manganeie. 

A>  acids — nulphuric,  phosphorio,  chlorine,  Suorine,  and  iodine  and 
bromine  in  sea  plants. 

Take  a  wheelbarrowfol  of  the  soil  from  various  parts  of  the  field,  to 
the  depth  of  one  foot.     Mil  the  whole,  and  take  a  portion  to  analyze. 

Proportion  0/  clay  and  aand  in  a  soil.  Take  two  hundred  grwna  of  well 
dried  soil,  and  boil  it  in  distilled  water,  until  the  aand  appears  to-be 
divided.  Let  it  stand  for  some  time,  and  decant  the  liquid.  Add  a  fresh 
aupply  of  water,, and  boil,  and  decant  aa  above,  and  so  continue  until  the 
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olaj  is  entirely  carried  off.  The  sand  is  tliea  collected,  dried  and 
weighed.  For  the  relative  proporl'on^nf  sand  in  fertile  soils,  (see  sec, 
309?.)  .^■ 

Organic  matter  m  the  mil.  Take  two  huDiIred  grains  of  the  dry  soil, 
and  heat  it  in  a  platjnum  crucible  over  a  spirit  lamp,  until  the  black 
color  first  produced  is  destroyed;  the  soil  will  then  appear  reddish,  the 
difference  or  loss  in  weight,  will  be  the  organic  matter. 

^limation  of  ammonia.  Put  one  thousand  grains  of  the  unburnt  soil  in 
a  retort,  cover  it  with  caustic  potash.  Let  the  neck  of  the  retort  dip 
into  a  reaeiver  containing  dilute  hjdrocbioric  acid,  (one  part  of  pure 
hydrochloric  acid  to  three  parts  of  distilled  water;)  bring  the  neck  of  the 
retort  near  the  liquid  in  the  receiter,  and  distill  off  about  a  fourth  part; 
then  eioporate  the  contents  of  the  receiver  in  a  water  bath;  the  salt 
produced  will  be  sal  ammoniac,  or  muriate  of  ammonia,  of  nhich  every 
one  handred  grains  contains  S2.22  grains  of  ammonia. 

Eatimaiion  of  lUica,  alumina,  peroxide  of  iron,  lime  and  magnesia. 

Put  two  fanndred  grains  of  the  dry  soil  in  a  florenco  flask  or  beaker, 
then  add  of  dilute  hydrochloric  acid  four  onncea,  and  gently  boil  for  two 
hours,  adding  some  of  the  dilute  acid  from  time  to  time  as  may  be 
reqaired,  on  account  of  the  evaporation.  Filter  the  liquid  and  wash  the 
undissolved  soil,  and  add  the  water  of  this  washing  to  the  above  filtrate. 
Colleal  the  undissolved  in  a  filter,  heat  to  redness  and  weigh ;  this  will 
give  olfty  and  siliceoas  sand  insoluble  in  hydrochloric  acid, 

Ettimation  oftUica.  Evaporate  the  above  solution  to  dryness,  then  add 
dilute  hydrochloric  acid,  the  white  gritty  aubstance  remaining  insoluble 
is  silica,  which  collect  on  a  weighed  lilter,  burn  and  weigh. 

Estimalian  (f  alumina  andperoxide  of  iron.  The  solution  filtered  from 
the  silica  is  divided  into  two  parts.  One  part  ia  neutralized  by  ammonia, 
the  precipitate  contains  alumina  and  peroiide  of  iron,  and  possibly 
phosphoric  acid.  It  is  thrown  od  a  filter  and  waahed,  strongly  dried, 
(not  burnt)  and  weighed ;  it  is  now  dissolved  in  hydrochloric  acid,  and 
the  oiide  of  iron  is  precipitated  by  caustic  potash  in  exceas ;  the  pre- 
.  cilutatc  is  washed,  dried  and  burnt,  its  weight  gives  the  oxide  of  iron, 
which  taken  from  the  above  united  weight  of  iron  and  alumina,  will  give 
the  weight  of  the  alumina. 

The  phosphoric  acid  herejs  considered  too  small  and  is  neglected. 

Estimation  of  lime.  The  liquid  filtered  from  the  precipitate  by  the 
ammonia,  contains  lime  and  magnesia.  The  lime  may  be  euUrely  pre- 
cipitated by  oxalate  of  ammonia.  Collect  the  precipitate  and  bum  it 
gently  and  weigh.  In  every  one  hundred  grdns  f  th  w  ght  th  w  H 
be  66.29  grains  of  time. 

EstimatiaH  of  magnesia.     Take  the  filtered  liq    d  f    m  th  It      f 

ammonia,  and  evaporte  to  a  concentrated  liqu  d        d     h  11      dd 

phosphate  of  soda  and  stir  the  solution.     Let    t  d  f         m    t  m 

Phosphate  of  magnesia  and  ammonia  will  separat  wh  t       y  t  II 

powder.     Collect  on  a  filter,  and  wash  with  cold  w  f  d  b  I 

one  hundred  grains,  there  are  S6.67  grains  of  mag 

Eslimalion  of  potash  and  soda.  Take  the  half  of  th  1  i  d  St  d 
in  examining  for  silica,  {see  above,)  and  render  t  Ik  I  t  t  t  p  p 
by  adding   caustic   barytes,  and  separate  the  p       p  tat       Ag  dd 

carbonate  of  ammonia,  and  separate  this  second  p      p  tat    and     ap 
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ftU  the  liquid  to  dryness  in  a  neighed  platinum  disb  ;  beat  the  residae 
gently  to  expel  the  ammouifical  salta.  Weigh  tbe  veesel  with  iU 
contents;  the  excess  will  be  the  alkaline  chlorides,  nhicb  maj  be  sepa- 
rftted  if  required,  by  bi-chloride  of  platinum,  which  precipitates  the 
potaBsa  as  chloride  of  potassium;  one  hundred  parts  of  which  contain 
63.23  of  potassa,  and  one  hundred  parts  of  chloride  of  sodium  contain 
53.29  of  soda. 

Estimation  of  Phosphoric  Acid.  For  thia  we  will  use  Berthier's  method, 
which  is  founded  on  the  strong  affinitj  wiiich  pliosphorio  acid  has  fot 
iron.  Let  the  fluid  to  be  eiamined  contain,  at  the  same  lime,  phosphoric 
acid,  lime,  alumina,  magnesia,  and  peroxide  of  iron.  Let  the  oiide  of 
iron  be  in  excess — to  the  fluid  add  ammonia,  the  precipitate  will  oofitaiQ 
the  whole  of  the  phosphoric  acid,  and  principally  combined  as  phosphate 
of  iron.  Collect  (he  precipitate,  and  wash,  and  then  treat  with  dilute 
aoetio  acid,  which  will  dissolve  (he  lime,  magnesia,  and  excess  of  iron, 
and  alumina,  and  there  will  remain  the  phosphate  of  iron  or  phoaphata 
of  alumina,  because  alumina  ia  aa  insoluble  as  the  iron  in  acetic  acid. 
Collect  the  residue  and  calcine  them.  In  every  one  hundred  grains  of  the 
calcined  matter,  flfcy  will  be  phosphoric  acid. 

Eaiimatum  of  Chlorine  and  SulpAaric  Acid.  These  arc  found  but  in  small 
quantities  in  soils,  nnless  gypsum  or  common  salt  has  been  preriously 
applied.  Boil  four  hundred  grains  of  the  btimt  soil  in  half  a  pint  of 
water,  filter  the  solution,  and  wash  the  insoluble  residue  with  hot  water, 
(hen  blirn,  dry,  weigh,  and  compare  it  with  the  former  weight;  this  will 
give  an  approximate  value  of  the  constituents  soluble  in  water.  Now 
acidulate  the  filtered  liquid  with  nitric  acid,  and  add  nitrate  of  silver;  if 
chlorine  Is  present,  it  will  give  a  white  curdy  precipitate,  which  collect 
on  a  filter,  wash,  dry  and  burn  in  a  porcelain  crucible ;  the  resulting 
salt,  chloride  of  silver,  contains  24.67  grains,  in  one  hundred  of  chlorine, 

Eslimatioii  of  Salphuric  Acid.  To  the  filtered  solutioB,  add  nitrate  of 
barytes;  a  white  cloudiness  will  be  produced,  showing  the  presence  of 
Bulphurio  acid.  The  precipitate  will  be  sulphate  of  barytes,  which  col- 
lect, wash,  and  weigh  as  above.  ~  In  one  hundred  grains  of  this  precipi- 
tate, there  will  be  34.37  of  sulphuric  aoid. 

Estimaiioti  of  Manganese.  Heat  the  solution  to  near  boiling,  then  mix 
with  excess  of  carbonate  of  soda.  Apply  heat  for  some  time.  Filter  the 
precipitate,  and  wash  it  with  hot  wafer,  dry,  and  strongly  ignite  with 
care.  The  resulting  salt,  carbonate  of  manganese  ;=  MnC^Og.  In  every 
one  hundred  grains  of  this  salt,  there  are  G2.07  O^^rotoiide  of 
manganese. 

Analyst)  of  Magncsian  lAiaestone. 

810t.  Supposed  to  contain  carbonate  of  lime,  carbonate  of  magneaia, 
silica,  carbonic  acid,  iron  and  moisture. 

Weigh  one  hundred  grains  of  the  mineral  finely  powdered,  and  dry  it 
in,  a  dish  on  a  sand-bath  or  stove.  Weigh  it  every  fifteen  minutes  until  tbe 
weight  beoomes  constant,  the  loss  in  weight  will   be  the   hjdrosoopio 


Othenme.  Pulierizc  the  mineral,  and  calcine  it  in  a  platinum  or  pcr- 
cekin  crucible,  to  drive  off  the  carbonic  acid  and  moisture. 

To  dettrmine  the  Silica.  Take  one  hundred  grains.  Moisten  it  with 
water,   and  then   gradually   with   dilute  hydrochloiric   acid.     Wh«i   it 
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appears  to  be  dUsoKed,  add  some  of  the  acid  and  heat  it,  ivhicL  will 
diasolTe  everything  but  the  silica,  which  is  filtered,  washed  and  weighed. 

To  determine  ike  Iron.  Take  (he  filtrate  last  used  for  Eilico.  Neutral- 
ize it  with  aomonia,  tben  add  sulphide  of  Etmmoniuni,  which  precipiLatee 
the  iron  as  sulphide  of  iron,  Pe8.  The  solution  is  boiled  with 
sulphate  *f  Hoda  to  reduce  the  iron  to  tlie  -state  of  pi-otoiide. 
Boil  so  long  a3  any  odor  is  perceptible;  then  pass  a  current  of  IIS,  which 
will  precipitate  tbe  mctalx  of  olass  IV.  Collect  the  filtrate  and  boil  it  to 
espel  tbe  hydrosulphuric  acid  gas,  Iheu  boil  with  caustic  soda  in  excess, 
nntil  the  precipitate  is  converted  into  a  powder. 

CoUeot  the  precipitate  and  reduce  it  to  the  state  of  peroxide,  by  adding 
dilute  nitric  aoid ;  then  add  oaustie  ammonia,  which  precipitates  the  iron 
BS  Fe303,  then  collect  and  dry  at  a  moderate  heat.  In  e^ery  100  parts 
.    of  the  dried  precipitate,  there  ace  70  of  metallic  iron. 

To  ditermim  the  Lime.  Boil  tbe  last  filtrate  from  tbe  iron,  having  made 
it  slightly  acid  with  hydrochloric  acid.  When  the  smell  of  sulphide  of 
ammonium  is  entirely  removed,  filter  the  solution  and  neutralize  the 
clear  solution  with  ammonia,  then  add  oxalate  of  ammonia  In  sclulion, 
sa  long  as  it  will  give  a  wliUe  precipitate.  We  now  hiive  all  the  lime  a$ 
sn  oxalate.  Boil  this  solution,  and  filter  tbe  precipitate,  and  ignite; 
when  cool,  add  a  solution  of  carbonate  of  ammoQia,  and  again  gently 
beat  to  expel  the  excess  of  carbonate  of  ammonia.  We  now  have  the 
whole  of  the  lime  converted  into  carbonate  of  lime,  which  haa  6fi  per 
cent,  of  lime.  Or,  dry  the  bXtlate  at  212*.  When  dry,  it  contains  38.4 
per  cent,  of  lime. 

HoTB.  If  we  have  not  oxalate  of  ammonia,  we  use  a  solution  of  oiaiio 
aoid,  and  add  oatistic  a&monia  to  the  liquid  containing  the  lime  and 
reagent  till  it  smells  strong  of  llie  ammonia  ;  then  we  bave  tbe  lime 
precipitated  as  an  oxalate,  as  above. 

If  vie  su^et  Mumiaa,  the  liquid  is  boiled  with  XO^  to  rednce  the  iron 
to  a  sesquioxide,  (peroxide.)  Then  boil  it  with  caustic  potaasa  for  some 
time,  which  will  precipitate  the  iron  as  Fn^QB,  which  collect  as  above. 

Jla  determine  Iks  iluniaa  supejnaturnte  (he  last  filtrate  with  IICI,  and 
add  oarbonale  of  ammonia  in  excess  which  will  precipitate  the  alumina 
OB  hydrate  of  alumina  which  collect,  dry  and  ignite ;  the  result  is 
ABOB  =  sesquioxiJe  of  alum  na   which  has  53.85  per  cent,  ^f  alumina. 

To  determine  the  IStignesta  In  deterniining  the  lime,  we  had  in  the 
solution,  byllplilonc  acid  and  ammonia,  which  held  the  magnesia  in 
Bolution ;  we  now  concentrate  tbe  solution  by  evaporation,  and  then  add 
caustic  ammonia  in  extesa  Pliosphate  of  soda  is  then  added  as  long  aa 
it  gives  a  precipitate  Stir  tbe  liquid  frequently  with  a  glass  rod,  and 
let  it  rest  for  some  hours  The  precipitate  is  the  double  phosphate  of 
ammonia  and  magniiia  Wash  the  precipitate  with  water,  containing  a 
little  free  ammonia  I  ecauee  the  double  phosphate  is  slightly  soluble  in 
water.  When  tiie  prec  is  dnei  ignite  it  in  a  porcelain  crucible,  and 
then  weigh  it  as  phosphate  of  magnesia  ^=  2MgO,  PO^.  By  igniting  as 
above,  the  water  and  ammonia  aie  driven  off.  and  the  double  phosphate 
is  reduced  to  phosphate  of  magnesia.  In  every  100  grains  are  17,86  of 
magnesia.    (Note     This  Biniple  method  is  from  Bowman's  Chemistry.) 

Ta  diterminf  ike  Carbonic  Acid.  Take  100  grains  and  put  them  into  « 
bottle  with  about  4  ounces    of  wal«r.      Put  about  60  graina  of  hydro- 
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cliloTic  scid  into  a  small  test  tube  aad  Bnspead  it  by  a  bair  through  the 
cork  Id  the  bottle,  and  ao  nrrftnged  that  the  month  of  the  test  tube  will 
he  above  the  wnter.  Let  a  quill  glass  tube  pnea  through  the  cork  to 
near  the  Burfnoe  of  the  liquid  in  tho  bottle.  Weigh  the  nholo  apparatus, 
and  then  tet  the  test  tube  and  acid  be  upset,  so  that  Ihe  acid  will  be 
mixed  wilh  tho  water  and  mineral.  The  carbonio  add  will  now  pass  off; 
bnt  aa  it  is  heavier  than  air,  a  portion  will  remaia  in  the  bollle,  which 
has  to  be  drawn  out  by  an  India-ruhbcr  tube  applied  to  the  month,  when 
efFerveaeenoe  ceases.  The  whole  apparatus  is  again  weighed  ;  the  dif- 
fcrenee  of  the  weights  wil!  be  the  carbonic  add. 

Analysis  of  Iron  Pyrites. 
310(1.     This  may   contain  gold,   copper,  nichel,  arsenic,   besides  ita 

To  determine  the  Arsenie.  Reduce  a  portion  of  the  pyrites  to  fine 
powder ;  heat  it  in  a  test  tube  in  the  fiame  of  a  spirit  lamp.  The  sulphur 
first  appears  as  a  while  amorphous  powder,  which  becomes  gradually  a 
lemon  yellow,  thea  to  tulip  red,  if  arsenic  ia  present. 

To  determine  thi  Suljihur.  One  hundred  grains  of  the  pyrites  are  di- 
gested in  nitric  acid,  to  convert  the  sulphur  into  Bulphnric  acid ;  dilute 
the  solution,  and  decant  it  from  the  inaoluble  residue,  which  consists  in 
part  of  gold.      If  any  is  in  tlic  mineral,  it  is  readily  seen  through  a  lens. 

This  decanted  solution  will  contain  Ihe  iron,  together  with  otides  of 
copper,  if  any  is  present,  and  the  sulphur  as  sulphuric  acid.  Evaporate 
tho  solution  to  espe!  tho  gre.iler  part  of  the  nitric  acid,  now  dilute  with 
three  volumes  of  water,  and  add  chloride  of  barium  as  long  as  it  cansea 
a  pcecipilate.  Boil  the  misture  ;  filter,  wash  and  ignile  the  precipitate, 
which  is  now  sulphate  of  baryta,  in  every  100  parts  of  which  there  are 
13.07  of  sulphur.  To  this  sulphnr,  must  be  added  the  sulphur  that  was 
found  on  top  of  the  liquid  as  a  yellow  porous  lump  when  digested  with  the 

Ta  determine  the  Iron.  Add  sulphide  of  ammonium 
cause  a  precipitate  of  sulphide  of  iron  =  FeS,  whose 
that  ia,  iron  28  and  sulphur  10;  therefore  every  one  hui 
contain  63.63  of  iron.  But  heat  to  redness  and  weij 
iron  =  Fe203.     In  every  100  grains  (here  are  70  of  iron. 

NoTB.     Sulphide  of  ammenia  pcecipitatea  manganese. 

To  determine  the  Manganese  and  Iron  separately.  Take  a  weighed  portion 
and  dissolve  it  in  aqua  regia  as  above,  evaporate  moat  of  the  acid,  and 
then  dilute,  leaving  the  solution  slightly  acid  ;  pass  HS  through  it,  which 
will  precipitate  the  gold,  copper  and  arsenic,  and  leave  the  iron  anil 
manganese  in  solution.  Collect  the  filtrate,  to  whicb  add  chlorate  of 
potassa  to  peroiide  of  iron ;  now  add  acetate  of  soda,  and  then  heat  to 
a  boiling  point;  this  precipitates  the  iron,  and  that  alone  as  peroiide  of 
iron,  which  collect,  wash,  dry,  weigh,  and  heat  to  redness ;  the  result  ia 
FtSOB,  having  70  per  cent,  of  iron. 

To  find  the  Manganese,  neutralize  tho  last  filtrate,  and  add  hypochlorite 
of  soda,  let  it  stand  for  one  day,  then  the  mangnnese  will  be  precipitated 
aa  binoiide  of  manganese  =  MnO^;  coilect,  drv,  etc.  tn  every  100 
grains  of  it,  there  are  63. G3  of  u 
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AnalytU  of  Copper  Pi/riiei. 
SlOv.  The  moialure  is  determined  as  in  seo.  310t. 
To  delermine  the  Sulphur.  Proceed  as  in  aeo.  310f,  by  reducing  100 
grains  to  powder,  then  boil  in  aqua  regia  until  the  sulphur  tliat  remains 
JBSolublB  collects  into  a  jellowish  porous  lump.  Dilute  the  acid  with 
three  volumBS  of  water,  tiLter  and  wash  the  insoluble  residue  (oonaistiog 
■  of  sulphur  and  silica)  until  the  whole  of  the  soluble  matter  is  separated 
from  it.     Reserve  the  insoluble  residue  for  further  examiDalion. 

Now  evaporate  the  filtered  solution  so  as  to  espel  the  nitrio  acid,  and 

•    add  some  hydrochloric  acid  from  time  to  time,  so  as  to  haie  IICl  in  » 

Blight  eicess.     From  this  solution  precipitate  the  sulphur,  as  sulphuric 

acid,  by  chloride  of  barium,  (as  in  310u.)    Collect  the  precipitate,  wash, 

dry  and  weigh,  as  baa  been  done  for  iron  pyrites. 

To  determine  the  Copper.  To  the  filtered  solution  add  hydrosulphnrio 
Bcid,  which  precipitates  the  copper  its  sulphide  of  copper  =  CuS.  This 
precipitate  is  washed  with  water,  saturated  with  !IS.  The  precipitate 
and  ash  of  the  filter  is  poured  into  a  test  tube  or  bentcr,  and  a  little 
aqua  regis  added  to  Oiidiie  the  copper.  Then  boil  and  add  caustic 
potaasa,  which  will  precipitate  tbe  copper,  as  black  oiide  of  copper, 
CuO,  having  79,84  per  cent,  of  copper. 

To  determine  Ike  sulphur  and  sUkeout  mailer  in  the  ahom  residue.  Let  the 
residue  be  well  dried  and  weighed,  then  ignited  to  eipel  the  aalphur ; 
now  weighed,  the  difference  in  weight  will  be  the  aulphur,  which,  added 
to  the  weight  of  sulphur  found  from  Ike  sulpliate  of  baryta,  will  give  the 
whole  of  the  sulphur. 

The  diieeom  matter  is  equal  to  the  weight  of  the  above  residue  after 
being  ignited. 

To  determine  the  Iron.  The  soiutiou  filtered  from  the  sulphide  of  cop- 
per is  now  boiled  to  espel  the  iijdro sulphuric  acid,  filter«d,  and  then 
heated  with  a  little  nitric  acid  to  reduce  the  iron  to  a  state  of  peroxide. 
To  thia  add  ammonia  in  slight  excess,  which  precipitates  tbe  iron  as  a 
peroiide.  This  filtered,  dried  and  weighed,  will  contain,  in  every  100 
grains,  70  grains  of  iron ;  because  40  :  28  ;:  100.  Here  28  is  the  atomic 
weight  of  iron,  and  40  (hat  of  seaquionide  of  iron  =  Ff  303  =  66  -[-24  =  80. 
but  80  and  5G  are  to  one  another  aa  40  is  to  28. 

Those  marked  with  an  asterisk  (*)  are  the  most  delicate  tests. 
SlOw.     Su/pkurel  of  Zinc,  (blende)  may  contain  Iron,  Cadmium,  Lead, 
Copper,  Cobalt  and  Nickel. 

The  mineral  is  dissolved  in  aqna  regia.  Collect  the  sulphur  as  in  sea- 
810T,  and  expel  the  NO5  by  adding  HC!  and  evaporating  the  solution, 
which  dilute  with  water,  and  again  render  slightly  acid  by  IICl.  To  this 
acid  solution  (free  from  nitric  acid)  add  IIS,  which  precipitates  all  the 
copper,  lead  and  cadmium,  and  leaves  the  iron,  manganese  and  zinc  in 
solution.     Let  the  precipitate  =  A. 

To  determine  the  Iron,  neutralize  tbe  solution  with  ammonia,  and  pre- 
cipitate the  iron  by  caustic  ammonia,  or  better  by  succinate  of  ammonia. 
Collect  the  precipitate,  and  beat  to  redness  in  the  open  air,  which  will 
give  peroiide  of  iron  =  FtBOS,  which  has  70  per  cent,  of  iron. 

7b  determine  the  Zinc.  The  last  filtrate  is  to  be  made  neutral,  to  which 
add  snlphiile  of  ammonium,  which  precipitates  the  linc  from  roajnesis, 
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UtDS,  sIroDtift  or  baryta,  as  sulphide  of  zino.  Toiir  the  filtrate  first  on 
the  filter,  then  the  precipitate.  Colleot,  dry  and  heal  to  redness,  gires 
oxide  of  zinc  =  ZnO,  having  80.26  per  cent,  of  lino. 

We  may  hare  in  the  resened  precipitate  A,  copper,  lead  and  cadmium. 

To  delermme  the  Cadmium.  Disaolre  A,  in  NOfi,  and  add  carbonate  of 
ammonia  in  escees,  which  will  precipitate  the  cadmium.  Collect  the 
precipitate  and  call  it  B.  To  the  filttate  add  a  little  carbonate  of  ammo- 
nia, and  heat  the  solution  when  any  cadmium  will  lie  precipittited,  which 
collect  and  add  to  B,  and  heat  the  whole  to  redness  to  obliiia  oxide  of 
cadmiuiB,  wMcb  has  ST. 45  per  coot,  of  cadmium. 

To  determine  the  Copper,  make  the  last  filtrate  slightly  acid.  Boil  the 
solution  DOW  left  with  oaustio  ammonia,  collect  and  lieat  Co  redness,  the 
result  will  be  oiido  of  copper  CuO,  having  80  per  cent,  of  Cu. 

7b  det^raine  the  Lead.  The  lead  is  now  held  io. solution,  render  it 
elightty  acid  and  pass  a  curceat  of  HS,  which  will  precipiCtite  black  auN 
pblde  of  lead  ;  if  any  =;  PbS,  which  colleot  and  heat  lo  redness  to  deter- 
mine as  oside  of  lead  =  PbO,  which  has  92.85  per  cent,  of  lead. 

To  separate  Zinc  from  Cobalt  and  Ifickd.  The  mineral  is  oiidiied  as 
above,  and  then  precipitated  from  the  ucid  solutioa  by  carbonate  of 
soda.  The  prccipilate  is  collected  and  naslied  with  the  same  reagent,  so 
as  to  remove  all  inorganic  acids.  The  osides  are  now  dissolved  in  acetio 
acid,  from  which  HS  will  precipitale  the  linc  as  sulphide  of  linc  =^  ZnS, 
which  oxidize  as  above  and  weigh. 

To  sqiarate  the  oxides  of  Nickel  and  Cobalt.  Let  the  oxides  of  nickel 
and  cobalt  be  dissolved  in  HCi,  and  let  the  solution  be  highly  diluted 
with  water;  about  a  pound  of  water  to  every  15  grains  of  the  oiide.  Let 
this  be  kept  in  a  large  vessel,  and  let  it  be  filled  permanently  with  chlo- 
rine gas  for  several  hours,  then  add  carbonate  of  baryta  in  eioeas ;  let  it 
stand  for  IS  hours,  and  be  shahen  frooi  time  to  time.  Collect  the  pre- 
cipitate and  wash  with  cold  water ;  this  contains  the  cobnlt  as  a  sesqui- 
oxide,  and  the  baryta  as  carbonate.  Reserve  the  filtrate  B.  Boil  th« 
precipitate  with  HCl,  and  add  S03  which  will  precipitate  the  baryta  and 
leave  the  cobalt  in  solution,  which  precipitate  by  caustic  potassa,  which 
dry  and  collect  as  oxide  of  nickel. 

The  nickel  ii precipitated  from  the  filtrate  B,  by  caustic  potassa,  as  oxide 
of  nickel,  which  wash,  dry  and  colleot  as  usual. 

T'l  separate  Gold,  Silver,  Copper,  Lead  and  Antimony. 
310x.  The  mineral  ja  pulverized  and  dissolved  in  aqua  regia, 
composed  of  one  part  of  nitric  acid  and  four  parts  of  hydrochloric  acid. 
Decant  the  liquid  to  remove  any  siliceous  matter.  Heat  the  solution  and 
aSd  hydrochloric  acid  which  will  precipitate  the  silver  as  a  chloride,  which 
wash  with  much  water,  dry  and  put  in  a  porcelain  ciuclble.  Now  add  the 
ash  of  the  filter  to  the  above  chloride  of  silver,  on  which  pour  a  few  drop* 
of  N06,  then  warm  the  solution  and  add  a  very  few  drops  of  HCl  to  convert 
the  nitrate  of  silver  into  chloride  of  silver.  Espel  the  acid  by  evapor- 
ation. Melt  the  chloride  of  silver  and  weigh  when  cooled.  When  washed 
with  water  any  chloride  of  lead  is  dissolved ;  but  if  we  suspect  lead,  we 
make  a  concentrated  solution,  and  precipitate  both  lead  and  silver  aa- 
chlorides  by  HCl;  then  dissolve  in  KOg  and  precipitate  the  lead  by  caustia 
potassa  as  oxide  of  lead,  leaving  the  silver  iu  sulution,  which  if  acidified, 
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and  HS  pasfled  through  it,  will  precipitate  the  ailTer  as  snlphide  of  silver 
Trhioh  heat  to  reiineaa,  and  weigh  as  oiide  of  silver. 

7h  determine  the  Gold.  We  sappoae  that  everj  trace  of  NO^  ia  remoTed 
team  the  last  titrate  and  that  it  is  diluted.  Thee  boil  it  nith  oinlic  acid, 
and  let  it  cemain  warm  for  two  days,  when  the  gold  will  be  precipitated, 
which  collect  aod  wa^^h  with  a  little  ammonia  to  remove  an;  oxalate  of 
-copper  that  maj  adhere  to  the  gold.  Heat  tlie  dried  precipitate  with  the 
aah  of  the  lilter  to  redness,  and  weigh  as  oxide  of  gold  AuO,  which  has 
96.15  per  cent,  of  gold. 

To  det^mme  the  Capper.  To  the  laat  filtrate  diluted,  add  caustic  potassa 
at  the  boiling  point,  which  will  precipitate  the  copper.  Wash  the  preo. 
with  boiling  water,  dry,  heat  lo  redness,  and  weigh  as  protoxide  of  cop- 
per =  CuO.     la  every  100  grains  there  are  79.84  grains  of  copper. 

To  separate  Lead  and  Bismuth. 

The  mineral  is  first  diasolTed  in  NOs,  then  add  S03  in  eioess,  and 
CTapor.ite  until  the  N06  is  eipelled.  Add  water,  then  the  lead  is  pre- 
cipitated aa  aulphate  of  lead,  which  collect,  etc.  In  every  100  grains 
there  are  68.28  of  lead. 

The  fiismwA  ia  precipitated  from  the  filtrate  by  oarhonate  of  ammonia. 
The  precipitate  is  peroside  of  bismuth  =  Bi203,  which  collect,  etc.  This 
preo.  has  89.91  per  cent,  of  bismuth. 

To  determine  the  Antimony.  Let  a  weighed  portion  be  diasolved  in  N06. 
Add  much  water  and  araporate  to  remove  the  acid,  leaving  the  aolution 
neutral,  Now  add  aulphide  of  ammonium,  which  precipttatea  the  alumina, 
cobalt,  nickel,  copper,  iron  and  lead.  Collect  the  filtrate,  to  which  add 
the  HolntioD  used  in  washing  the  precipitate.  Concentrate  the  amount  hy 
evaporation  and  render  it  slightly  acid.  Then  add  hydrochloric  acid, 
which  pieoipitatea  the  silver  aa  a  chloride,  leaving  the  antimony  in  solu- 
tion, which  is  precipitated  by  canstic  ammonia  aa  a  white  insoluble  prec. 
SbOs,  which,  when  dried,  etc.,  cnntaiua  84.31  per  cent,  of  antimony. 

Note,     The  oouatio  ammonia  must  be  added  gradually. 

For  the  difference  between  anlimony  and  araenie,  see  p.  72b79. 

To  determine  Mercury. 
SIOy.  Mercury  is  determined  in  the  metallic  stiite  as  follows  ;  There  is  a 
combustion  furnace  made  of  sheet  iron  about  8  inches  long,  8  inches 
deep,  and  i  inches  wide.  There  ia  an  aperture  in  one  end  from  top  to 
within  2  inches  of  the  bottom,  and  a  rest  corresponding  within  I  inch  of 
the  other  end.  A  tube  of  Bohemian  glass  is  opened  at  one  end,  and  bent 
and  drawn  out  nearly  to  a  point  at  the  other.  The  bent  part  is  to  be  of 
BUOh  length  as  to  reach  half  the  depth  of  a  glass  or  tumbler  full  of  water 
and  ice,  into  which  the  fine  point  of  the  reducing  tube  must  be  kept  im- 
mersed during  the  distillntion  of  llie  mercury.  Fill  the  neit  inch  to  the 
bottom  or  thick  end  with  pulverized  limestone  and  bicarbonate  of  aoda ; 
then  put  in  the  mineral  or  mercury.  Nest  2  inches  of  qaick  or  caustic 
time,  (hen  a  plug  of  abcstoea.  Ttie  tube  is  now  in  the  sheet-iron  box  and 
heated  with  charcoal,  first  heating  the  quick  lime,  next  the  mineral,  and 
lastly  the  limestone  and  soda.  Allow  the  process  to  go  on  some  time, 
until  the  mercury  will  be  found  condensed  in  the  glass  of  water,  which 
coUeot^dry  on  blotting  paper,  and  .neigh.— ffroAum'j  C'hemis&y. 
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Otherwise.  DisaolTe  the  minerftl  in  HCl.  Add  a  flolutioD  of  protoohlor- 
Ide  of  tin  in  CI  in  excess,  and  boil  the  mixture.  The  mercury  is  now 
reduced  to  the  metallic  fllate,  which  collect  fts  abofe. 

To  determine  Tin. 
DissolTe  in  HCl  and  precipitate  with  113  in  excess,  letting  it  remain  warm 
for  aome  hours.  Collect  the  precipitate  and  roast  it  in  an  open  crucible, 
adding  a  little  N05  so  as  to  oxidize  the  tin  and  the  other  metals  that  ma; 
be  present.  To  a  solution  of  the  last  onlde,  add  ammonia  and  then  sul- 
phide of  n.m[iioniuin,  which  will  hold  the  tin  in  solntion  and  precipitate 
the  other  motals  of  class  8,     See  p.  72nT4: 

If  we  suspect  antimony  in  the  Bolution,  the  reagent  last  used  most  be 
added  slowly,  as  antimony  is  salable  in  excess  of  the  reagent. 


WATER. 

Sltte.  Distilled  water  is  chemically  pure.  Ice  and  rain  wafer  are  nearly 
pure.  Distilled  water  at  a  temperature  of  60°  hns  a  specific  gravity  of 
1000.  That  is,  one  cubic  foot  weighs  1000  ounces  =  62J  lbs.,  contain- 
ing 6.282  imperial  gallons  =  7.48  United  States  gallons. 

Note.  EnginceTS  in  eHimaiIng  for  public  works,  take  one  cubic  foot  of 
water  =  6J  imperial  gallons,  and  one  cubic  foot  of  steam  for  every  inch 
of  water. 

Water,  at  the  boiling  point,  generates  a  volume  of  Eleam  =  t«  1689 
times  the  volume  of  water  used.  The  volume  of  steam  generated  from 
one  inch  of  water  will  fill  a  vessel  holding  7  gallons. 

Water  presses  in  all  directions.  Its  greatest  pressure  ia  at  two-thirds 
of  the  depth  of  the  reservoir,  measured  from  the  top.  The  same  point  is 
tbat  of  percussion. 

Greatest  density  of  water  is  nt  39°  30',  from  which  point  it  expands  both 
waya.  Ice  has  a  specific  gravity  of  0.018  to  0.050.  The  water  of  the 
Atlantic  Ocean  has  a  specific  gravity  of  1027 ;  the  Paciflo  Ocean  = 
1.026;  the  Mediterranean  (mean)  ^  l.oSfe;  Bed  Sea,  at  the  Gulf  of 
Sifti  =  1.089. 

MiNEBAi  Waters,  are  carbonated,  aaline,  sulphurooa  and  chalybeate. 

Carbonated,  is  that  which  contains  an  abundance  of  carbonic  acid,_with 
BOme  of  ibe  alltaiies.     This  water  reddens  blue  litmus,  and  is  sparkling. 

Saline,  ia  that  in  which  chloride  of  sodiam  predominates,  and  containfl 
soda,  potassa  and  magnesia. 

Sulflatrous,  is  known  by  its  odor  of  ro 
hydrogen,  and  is  caused  by  the  decomposit: 
which  the  water  passes.  The  vegetation  a 
purple  color. 

Ckdtybeate,  is  that  which  holds  iron  in  solution,  and  is  called  carhon- 
ated  when  there  is  but  a  small  quantity  of  saline  matter.  It  has  an 
inky  taste,  and  gives  with  tincture  of  galls,  a  pink  or  purple  color.  It 
is  called  svlphated  when  the  iron  held  in  solution  is  derived  t^om  iron 
pyrites,  and  is  found  in  abuudance  with  the  smell  of  sulphuretted  hydro-' 
gen.  The  chaljbeafe  waters  of  Tunbridge  and  Bath  in  England,  deriv* 
their  strong  chalybeate  taste  from  one  part  of  iron  in  35,000  parts  of 
ITftter,  or  two  grains  ai  iron  in  one  gallon  of  the  water.     Water  travers' 
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ing  a  iniDetal  country,  is  fonnd  to  oontiiin  arsenic,  to  which,  when  fonnd 
in  ohaljbegite,  chemists  attribute  the  tonic  proparlieB  of  this  water. 
Hoffman  fioda  one  graio  of  arsenic  per  gallon  in  the  chal;hest«  well  of 
Welebaden.  Mr.  Church  fads  one  grain  of  arsenic  in  250  gallooa  of  the 
river  Whitbeck  !□  Cumberland,  England,  which  water  ii  made  to  euppl; 

Arsenic  has  been  found  in  46  rivers  in  France.  The  eprings  of  Vichy, 
of  Mont  d'Or  and  Plombiers,  contain  the  12ath  part  of  a  grain  of. 
arsenic  in  the  gallon. 

If  lime  ts  present,  oxalate  of  ammonia  giiea  a  white  preo. 

If  chloride  of  sodium,  nitrate  of  silver  gives  a  ptec.  not  entirely  dia- 
eolved  in  nitric  acid. 

If  an  alkalint  carbonale,  such  as  bicarbonate  of  lime. 

Araenic  nitrate  of  silver  gives  a  primrose  yellow  prco. 

An  alkaline  solution  of  logwood,  gives  a  violet  color  to  Ihfl  water  if  lime 
is  present.  The  solution  of  logwood  gives  the  same  reaction  with  bicar- 
bonate of  potasga  and  soda.  To  diatinguigh  whether  lime  or  potasaa  and 
soda  are  present,  we  add  a  solution  of  chloride  of  cnloium,  which  givia 
no  precipitate  with  bicarbonate  of  lime. 

Sidpktiric  acid,  is  present,  if,  after  sometime,  nitrate  of  baryta  gives  a 
preo.  insol.  in  nitric  acid. 

Carbonale  of  limt  ia  present,  if  the  water  when  boiled  appears  milky. 
Lime  water  ae  a  test,  gives  it  a  milky  appearance. 

Organic  matter  is  precipitated  by  terchloride  of  gold,  or  a  sol^on  of 
acetate  of  copper,  having  twenty  grains  to  one  ounce  of  water.  After 
applying  the  acetate  of  copper,  let  it  rest  for  12  hours ;  at  the  end  of 
which  time  all  the  organic  matter  will  be  precipitated. 

Organic  mailer  may  be  determined  by  Wding  a  solution  of  pofpianga- 
nate  of  potassa,  wliich  will  remain  colored  if  no  organic  matter  is 
present ;  but  when  any  organic  substance  is  held  in  solution,  the  perman- 
ganate solution  is  immedi^ly  discolored.  We  make  a  permanganate 
BolotiOQ  by  adding  some  pefflanganate  of  potassa  to  distilled  water,  till 
it  has  a  deep  amethyst  red  tint.  We  now  can  compare  one  water  wllli 
another  by  the  measures  of  the  test,  suEBcient  to  be  discolored  by  equal 
Tolumes  of  the  watera  thus  compared. 

Carbonates  of  lime  and  magnesia,  also  sulphate  of  lime,  act  injnriously 
on  boilera  bj  forming  incrustationa. 

The  presence  of  chloride  of  sodium  and  carbonate  of  lime  in  small 
qnantitiea,  as  generally  found  in  rivsrs,  is  not  unhealthy. 

Sf.  BoussingauU  has  proved  that  calcareous  salts  of  potable  water,  in 
conjunction  with  those  contained  in  food,  aid  in  the  development  of  the 
bony  skeleton  of  animala.  Tayior  says  that  the  search  for  nonoalcareons 
water  is  a  fallacy,  and  that  if  lime  were  not  freely  taken  in  our  daily 
food,  either  in  solids  or  liquids,  the  bones  would  be  destitute  of  the 
proper  amount  of  mineral  matter  for  their  normal  development. 

When  the  viater  it  pure,  lead  pipes  should  not  be  used,  aa  the  purest 
water  acts  the  most  on  lead.  Let  there  be  a  slip  of  clean  lead  about  six 
to  eight  inches  square  immersed  in  the  water  for  4S  huura,  and  exposed 
to  the  air.  Let  the  weight  before  and  after  immersion  be  determined, 
ftnd  then  »  atream  of  sulphuretted  hydrogen  loade  to  pass  through  ths 
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water  and  then  into  the  BapposedleiidsolDtiaii,  which  will  precipitate  the 
lesd  ua  a  block  sulphide  of  lead, 

Taylor  saja,  that  nater  coalaioiDg  nitrates  or  chlorides  in  nnoHual 
quantitj,  generally  acta  upon  lead. 

Water  in  passing  tbrough  an  iron  pipe,  loses  some  if  not  all  of  its  oar- 
bonic  acid,  thereby  forming  a  balky  prec.  of  iron,  which  is  oamed  on  to 
meet  the  lead  \p!h«ro  it  yields  up  its  oiygen  to  the  lead,  forming  oiide  of 
lead,  to  be  carried  over  and  supplied  with  the  water,  producing  lead 
disease. 

n  supply  pipes  or  some  others  not  oxidiiable, 


HYDRAULICS. 


SlOz.  Water  is  brought  from  large  lakes,  rivers  or  wells.  That  ^m  small 
lakes  is  found  to  be  impure,  also  that  from  many  rivers.  A  supply  from 
a.  large  lake  taken  from  a  point  beyond  lli«  possibility  of  being  rendered 
impure  is  preferable,  provided  It  is  not  deficient  in  the  mineral  matter  re- 
quired to  render  it  fit  for  culinary  purposes.  The  water  must  be  free 
from  aa  excess  of  mineral,  or  organic  matter,  and  be  such  as  not  to  oxidize 


SoUd  matttr  m  graim  per  gallon,  ar 

e  as  follows  in  some  of  the  principal 

places : 

Loch  Katrine  in  Scotland, 

2 

Danube  at  Vienna, 

10.16 

2 

Scheldt,  Belgium, 

20.88 

Kiver  Thames  at  London, 

23.36 

4.49 

Greenwich 

27.79 

Croton,  N.  Y., 

4.16 

"          "           Hampton, 

16 

Chicago  river. 

20.75 

Mean  of  4  English  rivers, 

20.75 

Lake  Michigan  2  miles  out, 

8.01 

Rhone  at  Lyons,  France, 

12.88 

Cochituate  at  Boslon, 

3.12 

Seine  at  Paris, 

20 

St.  Lawrence,  near  Montreal 

11.04 

Qaronne  at  Toulon, 

9,56 

Ottawa,                "           " 

4.21 

Rhine  at  Basle, 

11.97 

Hydrant  at  Qnebec, 

2.5 

Water  drawn  front  mellt  contains  variable  quantities  of  mineral  matter, 
which,  according  to  Taylor,  is  from  130  to  140  grains  in  weils  from  40  to 
60  feet  deep.  The  artesian  wells  which  penetrate  the  London  clay,  con- 
tain from  50  to  70  grains  in  the  Imperial  gallon. 

Catch  hasin,  or  mater  ihed,  is  that  district  area  whose  water  can  be  im- 
pounded and  made  BTailable  for  water  supply.  One-half  the  rain-foil 
may  be  taken  as  an  approximate  quantity  to  be  imponnded,  which  is  to 
be  modified  for  the  nature  of  the  soil  and  local  eTaporatlon. 

Mr.  Hawkesly  in  England  collects  43  per  cent,  of  the  rain-fall. 

Mr.  Stirrat  in  Scotland,  finds  67         "  " 

In  Albany,  U.  States,  40  to  60  per  cent,  may  be  annually  collected. 

The  enginesr  will  consult  the  nearest  meteorological  observations. 

AHSITAl,   R4IN-FAL1, 

SIOa*.    The  following  table  of  mean  annnal  rain-fall  is  eompiled  from 
authentic  sources.     That  for  the  United  States  is  from  the  Army  M«teo- 
rolocncal  Register  for  1865. 
114 
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31.1 


S2.4 


82.6 


Santa  Fe,  New  Mexico, 
Ft.  Derolooe,        " 
Ft.  Yuma, 
San  Diego, 
Monterey,  " 

Sno  Frnncisoo,  Californii 
Hacoook  Barracks,  Main 
Ft.  IniiepeQctence,  Mass., 


19.8 


12.2 
24.5 
23.6 


41.2 


47.7 


Peniftooe,  England, 

Plymouth,         " 

Greenwich,       " 

MaQChester,      " 

Keswick,  Westmoreland, 

Apple  ga1«,  Scotland, 

Olaagoif,  " 

Edinburgh,       " 

Glenoose,  Peotlande,  Scotland.  3b. 1 

Dublin,  Ireland, 

Belfast,       " 

Cork,  " 

it.  Petersburg,  Russia, 
Rome,  Italy, 
Piaa,       " 

Zurich,  Switzerland, 
Paris,  France, 
Grenada,  Central  America, 
Calcutta,  E.  Indies, 
.  DetFOti,  Mlchigaii, 
Ft.  Gratiot,  " 
Ft.  Mackinaw,  Michigan, 
Milwaukee,  Wis., 
Ft.  Atkinson,  Iowa, 
Ft,  Desmoincs,   " 
Ft.  Snelling,  Minnesota, 
Ft.  Dodge,  " 

Ft.  Kearney,  Nebraska, 
Ft.  Laramie, 
Ft.  Belknap,  TexM, 
Braios  Fork,     " 
Ft  Graham,      " 
Ft.  Croghan,     " 
Corpus  Chriati,  Tesas, 
Ft.  Mcintosh,  " 

Ft  Filmore,  New  Mexico, 
Ft.  Webster,        " 

DaiiH  lupply  of  water  to  each  person  in  the  following  cities : 

New  York,  62  gallons.  Boston,  97.  Philadelphia,  36.  Baltimore,  25. 
St.  Louis,  40.  Cincinnati,  30.  Chicago,  43.  Buffalo,  48.  Albany,  99. 
Jersey  City,  69.     Detroit,  31.     Washington,  19.     Loudon,  80. 

Eeiermirs.  The  following  is  a  list  of  some  of  the  principal  reservoirs 
■with  their  oontents  in  cubic  feet  and  days'  supply : 

Rwington  Fike,  near  LiYcrpool,  504,960,000  cubic  feet,  holds  150  days' 
supply. 

BoUon,  21  milUona  cubic  feet  =  146  days  supply. 

BOmont,  75  million  cubic  feet  =  136  days'  supply. 

B<U^an'$  Ccmpsnmtion,  near  Manchester,  has  155  million  cubic  feet. 

B<itman'>  Crowdon,  near  Manchester,  18,498,600  cubic  feet. 

Balman-i  ArmJiM,  near  Manchester,  38,756.656  cubic  feet. 

LangendaU,  292  miUioo  cubic  feet  =  74  days'  supply. 

Fre>lo»,  4  reaerToirs,  26,720,000  cubic  feet  -=  180  days'  supply. 
Covipeiitaiim,  Glasgow,  12  milliona  cubic  feet. 
Croton,  New  York,  2  diyislons,  24  millions  cubic  feet. 

OhUm.  lUino".  ^^  "»'«'  ^'"  ^^'  *"  ^^'^^'  *"^"'  ^""^  ■  P°""  ""■ 
miles  from  the  shore  of  Lake  Michigan,  in  a  five-foot  tunnel,  thirty-two 
feel  tinder  the  bottom  of  the  Late,  thus  giving  »n  exhaustless  supply  oi 


Ft.  Adams,  Rhode  Isla 

Ft.  Trumbull,  Connecticut, 

Ft.  Hamilton,  B.  Y., 

West  Point,         " 

Plattsburgh,        " 

Ft.  Ontario,        " 

Ft.  Niagara,        " 

Buffalo,  " 

Ft.  Miffin,  Penn., 

Ft.  McHenry,  Maryland, 

Washington  City, 

Ft.  Monroe,  Virginia, 

FL  Johnston,  N.  Carolina, 

Ft.  Moultrie,  South  Carolina, 

Ogle  thorp,  Georgia, 

Key  West,  Florida, 

Ft.  Pierce,        " 

Mt.  Vernon,  Alabama, 

Ft.  Wood,  Louisiana, 

Ft.  Pike,  " 

New  Orleans,   " 

Ft.  Jessup,       " 

Ft.  Town,  Indian  Territory, 

Ft.  Gibson,  " 

Ft.  Smith,  Arkansas, 

Ft.  Scott,  Kansas, 

Ft.  Leavenworth,  Kansas, 

Jefferson,  Missouri, 

St  Louis,         " 


Hfstei 
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pare  water.  Tbe  water  now  supplied  ia  lahen  from  a  point  forly-fiTB 
feet  from  the  shore",  and  half  a  mile  north  of  where  the  Chicago  River 
enters  Lake  Michigan,  ooDsequentlj  the  supply  is  a  mixture  of  sewage, 
animal  matter  and  decomposed  fish,  with  myriads  of  small  fish  as  uoweU 


31  Ob*.  Best  forms  for  open  conduits,  are  serai-circle,  half  a  aquare,  or 
a  rectangle  whose  width  =:  twice  the  depth,  half  a  hexagon,  and  para- 
bolic when  intended  for  sewering.    {See  sec.  13S.) 

Covered  conduifa  ought  not  to  be  less  than  3  feet  wide  and  SJ  high,  so 
B9  to  allow  a  workman  to  make  any  repairs.  A  conduit  i  feet  squara 
witli  a  fall  of  2  feet  per  mile,  will  discharge  660,000  imperial  gallons  In 
one  hour.  Tbe  conduit  ma;  be  a  combination  of  masonry  on  the  elevated 
grounds,  and  iron  pipes  in  the  valleys ;  the  pipes  to  be  used  as  ayphona. 

The  ancients  carried  their  aqueducts  over  valleys,  on  arches,  and 
sometimea  on  tiers  of  arches.  They  sometimes  had  one  part  covered  and 
others  open.  Open  ones  ate  objectionable,  owing  to  frost,  evaporation 
and  surface  drainage. 


810c*.  Pipes  under  pressure.  Pipes  of  poUer'a  clay,  can  bear  but  a 
light  pressure,  and  therefore  are  not  adapted  for  conveying  water. 

Wooden  Pipes,  bear  great  pressure,  but  being  liable  to  decay,  are  not 
to  be  recommended. 

Call  Iron  Pipes,  abouid  hsve  a  thickness  as  follows :  t  =  0.03289  + 
0,016  D.  Here  d  =^  diameter,  and  t  =  thickness  of  the  metal. 
I>'Aubis3on's  Ifydrautics,     t  ■=  0.0238,  d  +  0.33.   According  to  Weisbaoh. 

Clandel  gives  tbe  following,  which  agrees  well  wilii  Beardmore's  table 
of  weight  and  strength  of  pipes,  t  =  0.00025  h  d  for  French  metres, 
t  =  0.00008  h  d  for  English  feet.  Here  t  =  thickness,  h  =  total  height 
doe  to  the  velocily,  and  d  =  diameter. 

Lead  Pipes,  will  not  bear  but  about  one-ninth  the  pressure  of  cast  iron, 
and  are  so  dangerous  to  health,  as  to  render  them  unfit  (o  be  used  for 
drawing  off  rain  water,  or  tbat  which  is  deficient  in  mineral  matter. 

Thepressuri  on  tbe  pipe  at  any  given  point,  is  equal  to  the  weight  of  a 
column  of  water  whose  height  is  equal  to  tbat  of  the  effective  height, 
which  is  the  height,  h  diminished  by  the  height  due  to  the  velocity 
in  the  pipe. 

Ftesaare  =  h  —  015,586  v".     Here  v  is  the  theoretical  velocity. 

TonieiUiif  Fundamental  Formula,  ia 
.     V  =r  j/2  g  h  for  theoretical  veloiuty. 

v  =  m  i/2  g  h  for  practical  or  effective  velocity. 

The  value  of  2g  is  taken  at  64,403  as  a  mean  from  which  it  varies  irith 
the  latitude  and  altitude. 

The  value  of  g  can  be  found  for  latitude  L,  and  altitude  A,  asauming 
the  earth's  radins  ^=:  R. 

2  A, 


g  =  32.17  (1.0023  Cos.  2  l)  X  (l  —  -^) 
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W600  (l.OOie  Cos.  3  l) 


V  =  m  yagh  =  8.026  m  j/h  =  medn  Telooity. 

Q  =  8,025  A  m  i/h  =  discharge  in  cubic  feet  per  second. 

i=^  a  ^y. t; — =  Bectioaal  area. 


,/!  = 


-  from  which  k  is  found. 


The  value  of  m,  the  ooeEBcieut  of  eSlni  is  due  to  the  vma  eonlracla.  Its 
value  haa  been  sought  for  by  eminent  philosophers  with  the  faltowing 
reaolt ;  As  the  prism  of  water  approaches  an  outlet,  it  forms  a  eoutracted 
vein,  (vena  contTocCa)  making  the  diameter  of  the  prism  discharge  less 
than  that  of  the  orifice,  and  the  quantity  discharged  coosequentl;  less 
by  ■  multiplier  or  coefficieni,  m.  The  value  of  m  is  variable  according 
to  the  orifice  and  head,  or  charge  on  its  centre. 
.   Vma  ConiTacta.     The  annexed   figure   shows  the  proportions  of  the 


s  found  by  Michellotti'a  latest 


oontraoted 

and  a  b  the  corresponding  diameter  at 
outlet;  that  ia  the  theoretical  orifice, 
A  B,  is  reduced  to  the  practical  or 
actual  one,  a  b.  When  A  B  —  1,  then 
C  D  =  0.50,  and  a  6  =  0.787  ;  there- 
fore tliB  area  of  the  orifice  at  the  side 
A  B  =  1  X  •5'85  and  that  at  a  b  = 
.787"X0.785i;  that  is  the  theoretical 
is  to  the  actual  as  I  is  to  0.619.-. 
fn  z=  0.619. 

The  values  of  m  have  been  given  by  the  following; 

Dr.  Bryan  Robinson,  Ireland,  in  1739,   gives  m 

Dr.  Mathew  Young, 

Venturi,  Italy, 

Abbe  BoBsuet,  France, 

Michellotti,  Italy, 

Ejtelwain,  Germany, 

Caafel,  France, 

Harriot,   do 

Bennie,  England, 

Xavier,  France, 

Note.     It  is  supposed  that  Dr.  Bobinson  used  thick  plates,  chamfered    . 
or  rounded  on  the  inside,  thereby  making  it  approach  the  ki 
and  consiqueutly  increasing  the  value  of  m  or  coefficient  of  discharg 

RegectiDg  Bobinson   and   Marriot's,  we  liavo  a  mean  vata*  o 
m  =  0.622,  which  is  freqilfentiy  n«od  by  Engineers. 

Taking  a  mean  of  Bossuel,  Michsllotti,  Eytelwcin  and  Xavier,  we  find 
the  value  of  »  =  0.617,  which  appears  to  have  been  that  used  by  Neville 
In  the  following  formulas,  where  A  =  sectional  area  of  orifice,  r  =: 
radius,  Q  discharge  in  cubic  feet  per  second,  h  =  heighlh  of  water  on  the 
csntre  of  the  orifice,  and  m  =  0.017  =  coefl5cient  of  discharge. 
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then  Q  =  8.036  m  /ffX  ■* 


1.76  r, 


Do. 


2*r,       do. 


.992    A. 


.996  A. 
.998  A. 
.9987  A. 
.9991  A. 

Henoe  it  appears,  that  when  h  z::i  r,  the  top  of  the  orifice  comeB  to  the 
surface,  and  that  when  h  becomeB  greater  or  equal  to  8  t,  that  the  gen- 
eral equation  Q  =^  8.03  m  y^  H  X  ^i  requires  no  modification. 

The  following  6  formulas  are  oom- 
pileil  from  Neville's  Hjdraulica. 

In  the  BDaexed  figure,  1,  3,  4  and  6 
are  aemi-circDlar,  and  2  and  6  are 
cironlar  orifices. 

The  »alne  of  Q  may  be  found  from 
the  following  simple  formulas,  where 
A  is  the  area  of  each  orifice,  attd 
m  ^=0.617=;  the  coefficient  ofefflua. 

1.  Q  =  3.0218  A  v/?r 

2.  Q  =  4.7553  A  /rT 
8.     Q  =.3.6264  A  ^T 

e.  «  =  4.9614 /hx A. (i-iAa-r-TT-p) 

A^atagii,  with  oylindrical  tubas,  whose  lengths  ^  2}  times  their 
diametera,  give  m  ^^  0.616. 

MishMotti,  with  tubes  J  an  inch  to  3  inches  diamster  and  bead  0T<r 
centre  of  8  to  29  feet,  found  m  =  0.813, 

The  larae  reijilt  has  been  found  by  Bidone,  Eytelwwn  and  D'Aubisson. 

Weubach,  from  his  eiperiments,  giyes  m  =:  0.815.  Hence  it  appears 
that  cylindrical  tubes  will  give  1.825  limes  aa  much  as  orifioes  of  the 
same  diameter  in  a  thin  plate. 

For  tubes  in  the  form  of  the  contracted  vein,  m  =  1.00. 

For  eonloal  tubes  converging  on  the  eiterior,  making  a  converging  < 
of  IBJo,  m  =  0.95. 

For  conical  diverging  the  narrow  end  toward  the  reserrolr  and  making 
the  diverging  <;  =  5°  6',  m  =  1.46,  and  the  inner  diameter  to  the  outer 
as  1  is  to  1.27. 

NoTK.  TAe  adjutage  or  luie,  must  exceed  half  the  diameter  (that  length 
being  due  to  the  contracted  vein)  so  as  to  exceed  the  quantity  disobarged 
through  a  thiu  plate. 

Cinmlar  Orificit.     Q  =  3. 908  d"  j/hT 

Ct/imdrical  atf/utoj/e  at  about.     Q^6.]68d^  ^''h. 


Ik. 
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Tube  in  the  form  o/bsi 

In  a  compound  tvie,  (i 

<tt  the  contracted  veio, 

times  a  b  and  G  F  ±==  1. 


HYDBACtlCS. 


I  fig.,  sec,  3I0c*)  the  part  A  ft  b  B  ia  in  the  form 
Dd  a  i  E  F  a  truneateii  cone  in  which  D  Q  r^  9 
6.     This  will  make  the  discharge  2.i 


timea  greater  than  that  through  the  simple  orifice.    (See  Byrne's  Modern 
Calculator,  p.  821.) 

(yrijicei  Accompanied  by  Cylindrkal  Adjvtagei. 

When  the  length  gf  the  adjutage  is  not  mote  than  the  diameter  of  the 

orifice,  then  m  =  0.62. 

Length  2  to  S  timea  !he  diameter,  m  =  0.82,     I     86  times  m  =  68. 

^°-  12  do.  m  =    .77.         43      "     m  =  63. 

Do.  2t  do.  m=    .73.     I     60      "    m  =  60. 

310d*.     Orifices  Accompanied  urilh  Conical  Converging  Adj-utaga. 
When  the  ai^utage  couTerges  towards  the  eitremity,  we  find  the  area 
.   cf  the  orifice  at  the  eitremitj  of  the  adjutage  the  height  h  of  the  water 
in  the  reservoir  above  the'sameorlfioe.     Then  multiply  the  theoretical 
discharge  by  the  following  tabular  coelEcients  or  values  of  m ; 

Let   A   =  sectional  area,   then    Q  =  m  A /2gh  =8.03  m  Ay'lT 


Angl«  or 

Coemolen 

la  of  the 

Angle  of 

Coefflofents  of  the 

Convwgenee 

DfsehBrge 

Velocity 

Convergence 

DlBcharEe 

\e1ocity. 

0=    0 

821 

830 

15"  24 

946 

962 

1    86 

860 

8b6 

14   2» 

941 

9bG 

8    10 

89o 

8Ji 

16   86 

038 

971 

4    10 

qi2 

910 

19   28 

924 

970 

6    26 

924 

920 

21   00 

918 

974 

7    62 

929 

951 

25   00 

OH 

974 

8    58 

934 

942 

29   58 

S^b 

975 

10   20 

958 

950 

40   20 

869 

980 

12    40 

942 

965 

48   50 

847 

984 

The  above  is  Castel'a  table  derived  from  experiments  made  with  o< 
eal  adjutages  or  tubes,  whose  length  was  2.6  times  the  diameter  at 
extremity  or  outlet.  In  the  annexed  j 
figure  A  C  D  B  represents  Castel'a 
tube  where  m  n  is  2.4  times  C  D  and 
ftngle  A  0  B  =  <  of  convergence. 

Note.  It  appears  that  when  the 
ftngle  Bt  0  is  13}  degrees  the  coeffi- 
cient of  discharge  will  bejthe  greatest. 

Tht  dUchargt  mat/  be  increaied  by 
making  m  n  equal  to  C  D,  A  B  = 
faring  the  sides  at  A  and  B. 

In  the  neit  two  tables,  we  have  reduced  Blackwell'a  coefficient  from 
minutes  to  seconds,  and  callC  =  m.  Q  ==  8.03  m  A  j/h  or  Q  =  C  A/h, 
where  C  is  the  value  of  8,03  m  in  the  last  column,  b  is  always  taken 
back  from  the  overfall  at  a  point  where  the  water  appears  to  be  still. 

BiparimenU  1  to  12,  by  Blacfewell,  on  the  Kennet  and  Avon  CanaL 

Experiment  18,  by  Blaokwell  and  Simpaon,  at  Chew  Magna,  England. 


18  G  D,  and  rounding 
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TSbIOS 
310b».  overfall  weirs,  COEFFICIENT  OF  DISCIIABaE. 


MO, 

Head  in  incli^.    Va 

,.„„ 

sJilU'fc. 

~ 

Thia  p]at«  8  feet  long. 

1  to  3 

440 
402 

3.'.2iS 

2 

3 

10  feet  long. 
Fiank  2  inches  thick  with  B 

1  to  S 
3  to  6 
6  to  9 

501 
435 
370 

4.023 
3.493 
2.971 

notch  3  feet  long. 

1  to  3 

342 

2.746 

384 

8.083 

6  tolO 

406 

3.260 

4 

Plank  2  in.  tbiofe,  notch  6  ft 

1  to  8 

868 

2.883 

3  to  6 
6  to  9 

896 
392 

8.179 
3.148 

S  toU 

868 

2.878 

6 

Prk  2  ia.  think,  notch  10  fL 

1  to  8 
3  to  6 

846 
397 

2.778 
3.191 

6  ta  9 

3.003 

9  tol4 

336 

2.699 

G 

Same  as  6,  with  wing  walls 

1  to  2 

476 

3.822 

4  to  6 

443 

3.549 

7 

Orerfall  with  crest  S  feet. 
Wide  sloping  1  in  12— 3  ft. 

Long  like  a  neii. 

1  to  3 

342 

2.746 

8  to  6 

328 

2.634 

6  to  9 

2.497 

8 

Same  as  7,  but  slopes  1  in  1 8 

1  to  3 

862 

2.907 

G  to  9 

345 
832 

2,737 
2.666 

9 

Sameas7&8batl0ftlong 

1  to  4 

828 

2.684 

4  to  S 

350 

2,810 

10 

Level  crest  8  ft  w.  &  6  long 

1  to  3 
3  to  6 

306 
311 

2.449 
2-497      . 

318 

2.563 

11 

3  to  7 

330 

2.649 

7  tol2 

310 

2.489 

12 

Same  aa  11  but  10  ft.  long. 

1  to  5 

306 

2.467 

5  to  8 

827 

8  tolO 

313 

2.613 

IS 

Overfall   bar   10   feet  long 

1  to  3 

437 

8.509 

And  2  inches  thick. 

3  to  6 

499 

4-007 

6  to  e 

505 

4.065 

;  BLACKWELL'S   SECOND  EXPERIMEMTS. 

OTerfall  of  oast  iron,  2  inches  thick,  10  ft.  long,  sijuare  top.     Canal. had 
wing  walta,  making  an  angle  of  15  degrees. 


Hudinfbet.         C 

efft.M 

(lM4inft. 

Co^fft.    .       H. 

ad  In  ft. 

C»fft.« 

.083  to  .073 

591 

.344 

.748 

600 

.749 

.083  to  .088 

KMfi 

.359 

.760 

516 

.748 

682 

.365 

.741 

621 

.747 

.229 

665 

.861 

.750 

578 

.244 

G7(l 

.376 

,725 

B89 

.717 

655 

.416 

.780 

B67 

.802 

663 

.423 

.781 

.749 

745 

725 

.453 

.751 

760 

.781 

.883 

745 

.496 

.728 

From  the  aboTe  w 
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BIDBAULIOa. 


XIi«  reaerroir  need  on  the  Avon  and  KetinBt  oanal,  in  England,  oon- 
teined  106,200  square  feet,  and  waa  not  kept  at  the  same  level,  but  the 
quantity  diaoharged  for  the  eiperimeut  was  not  more  than  444  cubia 
feet,  wiioij  would  reduce  the  head  but  .05  inoh.  In  the  Chew  Magna 
WB  haTe  an  area  of  5717  aiiuare  feet  kept  constantly  foil  by  a  pipe  2 
inches  in  diameter  from  a  bead  of  19  feet  The  inlet  of  the  pipe  to 
the  OTerfall  being  100  feet,  coneeqaently  the  water  approachea  the  fall 
with  a  certain  degree  of  Telocity,  which  partially  aceounla  for  the  dif- 
fereaoB  in  value  of  m,  in  experiments  13  and  6. 

Po/icelet  and  Lebroe'  eiperimenta  on  notches,  8  inches  long,  open  at  top: 


BiHoCHotchM. 

Cosadeiil  nt. 

HiieofNotahM. 

Coeflctmt  M. 

8    X  0.4 
8    X   0-8 
8    X   1-2 

8    X   2.4 

.686 

'.618 
.811 
.601 

8X8,2 
8X4. 
8X6. 
8X8. 
8X9. 

.695 
.692 
.690 
.585 
.577 

Prom  these  small  notohea  we  haie  a  mean  valne  of  m  = 

-iPu  fiuai'»  experiments  on  notchea  18.4  long,  give  a  mean  coefficient 
m  =  .632. 

Smeatim  and  BHndley,  for  notohefl  6  inches  wide  and  1  to  6J  high,  giTe 

Stnnie,  for  small  rectangular  oriflces,  gives  as  follows : 
Head  1  to  4  feet,  orifice  1  inch  sqnate,  mean  tbIuo  of  m  =  .013. 
"  "  "      2  inches  long  and  J  high,  m  =  .618. 

"  "  "      2  inches  long  and  |  deep,  m  =  .682. 

The  following  table  la  from  FonciUt  and  Lebros'  eiperimenta  on  covered 
otifioea  in  thin  plates.  Width  of  the  orifice  .20  metre  (about  8  inches) 
1  =  length,  and  h  =  height  of  the  orifioe. 

810i».  HEIGHT  OF  THE  ORIFICES. 


B«ad  on  «n 
tre  or  orifioe. 

f»r 

r=.2h 

ff.? 

."il-fh     , 

."A    ■ 

01  m 
"  20h 

m 

•n 

m 

«n 

m 

m 

660 

.638 

.640 

669 

685 

.617 

.640 

659 

682 

.622 

.644 

668 

.626 

.639 

.680 

.637 

664 

.611 

.631 

668 

.613 

.634 

.682 

.632 

64S 

.617 

.681 

.631 

S42 

.617 

.631 

.680 

.629 

.615 

.627 

.627 

682 

.604 

.618 

.623 

.623 

.611 

.619 

.607 

.613 

.618 

513 

.603 

.606 

.607 

608 

609 
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1   1 

t  i   n         1849 

1  18.-W 

1<  1  =  0  0000-  427  \       0  00011 1410  \      11      f       ij//  f  11 

lie  gives  V  =  [°  •^V.f  in  which  foriniilas  he  put?  R  ^  kyd,  mean  depth, 
/=-  .twice  the  fall  in  feel  jitr  mile,  and  I  =  iiidinalifin,  =  bead  tlivkleil  by 
the  length. 

as 
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72]!lOC  HVDRAUr.lCS. 

".'  =  1°  \'  K/  Is  u:iC<l  l>y  IJeardmore  and  many  Engineers, 

310,,'.  For  clear,  slraiglit  rivers,  with  average  velocities  of  1.5,  Nc.-ilU 
gives  V  =  92.3  yj  V.  \,  and  for  large  velocities  V  ==  93.3  V  R  1.  He 
-iiyr;  that  co-effcs.  deci-ease  rapidly  when  velocities  are  below  i.5  fl.  per 
ficcond.  In  his  second  edition  of  his  valuable  treatise  on  hydraulic^, 
he  states  that  the  best   formula  proved  by  e.\perimeni3  fjr  discharge* 

'    =I0(>(1/H   \    i')^~\    f         Hue  \    (  =  velocity  of  approach, 

310i       J/   FjiUm   111  h      TiiU:.   li  h    V  ure  ,ks  caitx  ivur.mki,  \x 
04 >     fur   i   Llnrgc  lhroiij,h  onfce-. 
O  —  sCLtion-ii  ai  a  of  re 
tHe  summit  of  the        tio 
^  he  e  the  iipple  b  ^  ii 


In  his  tablci  he  make.-,  the  value  of  m,  coiilTt.  of  c 
rcm-M!s,  or  e.ldy,  --=0.622,  0,G00  when  it  attains  the  summit,  and  0,C3S 
-.vhen  the  orifice  is  surrounded  by  the  retaoin. 

310;[.     Let_Q_-  the  quantity  ia  feet , per  second, 
Q  =  S.025  m  \  It  —  effective  discharge  in  cubic  fL  per  second,  ii:  —  variable, 
Q  =  4,879  A  \'Y_  orifice  surrounded  on  all  sides,  m  =  0.60S 

(J  =  .i.OlS  A  \'_h_  orifice  surrounded  on  three  sides,  m  -  0,62!1 

()  =  ■),489  A  V  &    orifice  coincides  with  aides  and  bottom,  m  —  0,68i 

(^  =  .-1.939  A  VX  as  last  sluice  makes  angle  00°  ftgainst  stream,  /«  =  0.740 
Q  =  (j.420  A  \i  /i    a-i  last  but,  sluice  makes  the  angle  45",  m  =  0,800 

(>  =  j.Olfi  A  i^  sluice  vertical,  orifice  near  the  bottom,  tii  =  0.62-J 

(J  =  4.253  A  ^^  /;  2sluices,  or  orifices,  within  10  ft.  of  each  other,  ;«  =  0.530 
<^  =  0.019  A  V"  the  flood  gates  make  160'with  the  current,  and  w  =  0.750 
that  there  are  3  sluices  g\iarded  to  cotidact  the  water  into  the  buckets 
of  a  ivater  wheel  =  sum  of  the  areas. 

T  V  =  5.35  111  \'  A  =  mean  vel.  for  regular  orifices,  open  at  top,  and  is  the 
time  required  to  empty  a  given  vessel  when  there  is  no  efHux,  and  is  double 
the  lime  requireil  to  empty  the  same  when  the  vessel  or  reservoir  is  kept  full, 

that  of  the 


- Where  S  =  sectional  a 

re-i  of  orifice. 

and  A  = 

4.013^//  S         reservoir. 
-    J^'"     -^Vi-tim=re„u.e. 

1  to  r.U  a  Ejiv 

cii  depth, 

■'    I     4  013  .-S      i       '      ■       ' 

\  8.0-25  / ;«  S        __ 
'"  ■  '  /         4'a            ^  " 

-  dischai- 

c  ill  lime 

=  8.02r.  ///  S  s'  11  -  a  whi^t.  reservoir 

A  discharges 

into  A'  u 

V  =  3,35  \'IA  +  0.0349410 7ii 
with  a  given  velocity,  J'f. 
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3101.    For  D'Arf/s  FormiiLi,  j^,' /.  2G4. 
lie  has  givoii  for  '/i  iiicli,  pijies  wi  =  G5.3  anil  t  -  65.5  \'  r 
For  r'diamele}-;'80.3\''r7=  m  y'~ 
2',  Wi  ==  94.8,  4"  111  =  101.7,  C"  =  105.3 
for  9',  m  -  107.8,  12'  ^  109.3,   13  =  II0.7 
24M:ani.  7-  ^  111.5  \Vi  =  w  \V7 

for  large  pipes  :■  =  ■  — — [    -  1  IS  \'  r  j 

(   0.O0O077-2C   \ 
SlOi.     Neville's  :^vuer,il  firmuUi  for  pifits  and  riv.rs: 
-\40(     ;^      (     J     ]  =1  id     eadptl        d 

/  I        II    M^       h      r  in  1  f  f  11 


I  1  (1  1     r 

d  f 

t  1    1 

=  0  01S 

1 

-0  11 

-    ' 

It       Id 

1 

a. 

fl        t   d 

ll     botl 

d 

d        f 

r%     Ih 

7)      f       11 

J 
11 

llplj 

g  th        Ked 
1      ea 

1              r,p 

tdix. 

t   — /^   i 

M      f    ig 

r       I 

1  IS  =  I    [ 

I   1  t    f     ft, 

10]    V  '     //  i"  - 

t  J=nfi  th        1         dl(S-h           fid                fhp 

H  ll         t  tl               (S     fg  bO  ) 

r             \  1  U  O  L  -     O I    by  I    tt        O  L  r      Ih        1      t     ll  1 

0  5^   g     se  1     le^     betl       ?  H 

\li^      O     tlw   ppl   it        J  fa-  t    =      b     ft 

1  t     /       h   ght     f   ei  bo         h       th    w  t      fll  tl 
1   P  =  ll         t     I  h  rse  po 

528  r 
!■  =  0.00181)  )>  //,  and  Q  = 

Avnikbk  honi-p.'U'a  U  cubic  11  fiU.ns  1  ft  per  ecjni  iii  i:,  gtn 
erally  found  =  to  60  to  7^  per  ctil  of  the  po«ei  ol  iMler  e\penlcd 
Assume  the  theorelLil  horse  [io«er  is  1,  the  offeUne  jover  nil  le  a'; 
follows: 

Over-shot   wheels  =   .03  I'or  turbine  wheeU,  .70 

Under-sbot  wbeel.s,      .35  For  hydraulic  rams  in  raisins  water,  .SO 

lircast  wheels,  .55  Water  pre-raure  engine;,  .80 

Poncslel'a  under-shot   .60  High  breast  wheels,  .01)     , 

I,el  P  =^  pressure,  in  tbs,,  per  square  inch. 
T  ^  Q,  4333  h  and  h  -  2,31  p 

P  =  .00123  Q  h  for  over-sliot  wheels  and  Q  -  777  P  divided  by  /( 
P  —  .00113  Q  h  for  high-breiust  wheels,  and  Q  =  882  1'  divided  by  /; 
1'  =  .00101  Q  h  for  low-breast  wheek,  and  Q  =  962  P  divided  by  h 
P  ^  .00006  Q  h  for  unaer-sliot  wheels,  and  Q  =  1511  divided  by  h 
P  =  .00113  Q  h  for  Ponceiet's  undershot  wheels,  and  Q  =  822  divided  by  k 
For  under-bhot  wheels,  velocity  due  to  the  head  ;<  0.57  wilt  be  equal 
to  Ihe  velocity  of  the  periphery,  and   for  Ponceiet's,  0.57   will  be  the 
multiplier. 
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ill)       lltji  prissiire  tiirlmci  J  r  i-en   \0-lior  f  pr  ci 
/;   =     3(1  40  W  00  70  SO  "JO  100 

Q=42  il  >  M  IS  li,  14  I.) 

V  =    30  42  47  I  )  >J  b"  t)b 

We  hue  -een    ^    I     of  DelhiLi    m  J     i.-,    Liiglan  I    a  iniall  stream 

collected  for  n  fen  days  m  ^  re>eii   ii     Ihciici.  paised  on  in  oiershot 

wheel,  and  agan  on  n"  ""'erjho!  "heel      If  po   ilile   kt  Ihe  ri>.Lr\oirs 

be  surround L  !  by  shade  trees  to  [ire\ent  enpintLtn 
310k.     Ailatau  IPiiis  may  be  sank  and  Ihe  nater  raised  into  (inks  to 

be  used  for  hoasehold  piirjto'.es   imn-itm- lanH-   dmin" 'jmall  machinery 
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lea\e  the  sewage  too  much  A  luted  and  CO  to  jO  persons  mil  be  sujft<.ient 
fin-  nil.  acre,  applied  S  times  a  jear  At  the  meeting  of  the  Social  Science 
Association  in  England,  in  18  0  t  wa  lecided  that  the  sewage  must 
be  taken  from  the  fuunt-i  n  I  ea  1  i  they  found  it  too  much  diluted,  and 
that  alum  ijid  lime  hid  been  used  to  pre  pilate  the  fertilizing  matter, 
but  had  (ailed  They  est  mated  the  al  e  due  to  each  person  at  8|^ 
shillings,  but  in  practice  real  zel  but  4  to  j  shillings. 

Ml.  Raiohnsoa  recommended  j(»  application  diluted ;  others  advocated 
the  dry  earth  closet  system,  which  in  small  (owns  is  very  applicable,  owing 
to  the  facility  of  getting  the  dry  earth  and  a  market  for  the  soil, 

SIOe.  The  sujiply  of  guano  will,  in  a  few  years,  lie  eshau&ted,  then 
neceiiiity  will  oblige  nation'-  to  collect  the  valiialjle  matter  that  now-  is 
wasted.     Sec  Sec.  310t. 
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310s.      On  the  SUam  Engi 
=  horse-power  capable  of  raising  33000  ]ioiiiid. 
=  pressure  in  pounds  |)er  sciuare  inch. 
=  diameter  of  cylinder  pislon  in  inehe.-.. 
=  area  of  cylinder  or  its  piston. 
=  length  of  stroke,  and  2  S  —  total  iciiglh  travt 

-  number  of  revolutions  per  minute. 

-  mean  vel.  of  piston  in  feet  jier  minute. 

=  total  gallons  (Imperial)  raised  in  24  hours. 

-  quantity  raised  by  each  stroke  of  the  piston. 
^  pounil.s  of  coal  required  by  each  iiidicalcil  ho 

2  S  A  P  R 

33000  '     '       '"^'^l""^''' 


-  indicated  horse-]>o\vcr  fur  hiyh-pressui 


A.imh-ully  Rule.      II 
The  American  Knginc 


D'  V 


iC-powcr. 


COOO 
5  add  one-third  for  friction  and  leakage. 
Example.     The  required  gallons  in  12  hours  =  3,000,000;  Stroke,  10 
feet ;  number  of  strokes  per  minute  =  12 ;  time  in  minutes  ~  1440,     From 
the  above,  we  find  (i=  173.0   Imperial  gallons;  (/=  22.6  inches — the 


diameter  of  the  pump 
taken  by  the  Eng    h 

For  much  vaiua 
(ISyrne's)  Diction  a 

Average  duty  o 
high,  with  112  Wis 

Exaviplt.     From  P 
the  Sleimi  Engine 

Cylinder,  70  inc 
45  lbs.  during  one 
is  allowed  to  expa 

70  X  70  X  0.7Sj4 
10 

3848  X  45  X  —      p 
6 

'ITils  is  the  wor     p 

To  find  Ike  war 
Logarithms  for  C  =- 


liken  by  th'   American  e 


/      22,  ai 
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310T.      Pressure  of  Fluids  ami  Kdaimii^'   Jia/is. 
(Dep.— Keiainiiiii  Wall  U  that  which  susiams  a  BiiLd,  or  that  which  ii  iiaWe  to  siide.> 

310.  TAi  Centi-e  of  Prissttre  is  tliat  jx)int  in  the  surface  pressed  by 
niiy  fiiiid,  lo  ivhicli,  if  the  wliole  pressure  could  i)e  applied,  the  pressure 
nould  l)e  tJie  same  as  if  dilfiised  over  tlie  whole  surface. 

If  lo  this  centre  a  force  equal  lo  the  whole  pressure  be  applied,  it  will 
keep  it  in  equilibrium. 

Against  a  rtclangtdar  wall  the  centre  of  pres.-ure  is  al  two-thir(I<  of  tht 
height  from  the  top,  and  ihe  . 

h- 
ITessure  P -^  —  .  /  r>..     Here  n- -  ■jpecific  i^r^nily  uf  ihe  fluid,  :ind  /  ihe 

length  presseel. 

Ill  a  cylhidricat  vessel  orrcsa-.'oir  i^nii  same  formula  will  hold  good,  liy 
sulislituting  the  circumference  for  Ilie  length,  /,  of  ibc  plane. 

Examfile.~¥or  a  luck-i-ale  10  ft.  long,  8  ft.  deep,  the  pvessuie 
04 
!■  =.  —  X  10  X  02..->  ^-  20,000  pounds. 


Example.— \ 

■or  a  ciiculai-  re 

servoir, 

diameler  20  ft., 

.ith  water,  wt 

10  X  10 

X  20  X  3.I41G  ; 

<02.3 

..-  l<^^i.a.-^fl  m. .  n 

hides  of  the  reservoir. 

The  pressure  on  the  bottom  =  20  x  -20  x  ,7854  x  S2.y  ^  19,63S  Pis. 

Total  prtesure,  215,985  Itis. 

Dams  aie  bnill  at  light  angle.'i  to  the  stream  entering  the  reservoir. 
All  places  of  a  poious  nature  are  made  impervious  to  nater  by  clay  or 
masonry  laid  in  cement;  lap  lo  be  4  ft.  above  the  «-aler;  -.imi/li,  in  ordinary 
cases,  equal  to  one-third  the  height;  the  inner  slope,  next  the  water,  to 
■  be  3  to  1 ;  the  outer  .'^lope  2  to  1.  In  Ion,  Dams,  width  at  top  equal 
to  the  height. 

Dams,  in  Masonry,  by  the  I-'rench  Eii"ineers,  Moriii  and  KoiuicM,  ^■.t 
liotlom  0.7  h,  at  middle,  O-fi  ?i,  and  lop,  0.3  /;. 

310/.     Thickness  of  rectangular  walls  is  found  from 

/looo 

0  8(k  ■ 000    ^  weight  of  a  cubic  ft.  of  wati;r. 

1^  ul  /  —  required  thickness, 

g  p  of  dam  to  water. 

Ill               B  D        or         rest  on  solid  clay,  sometimes 

th  Tl     side  next  the  watev  is  laid  with 

ches  g                   etimes  they  are  laid  with  brick 

m        th  ed                1.     A  puddled  wall  is  brought 
ai                             e  height,  and  top  ^  one-sixth 

g  m                             carry  off  the  rain  water. 

V  It                 g  g    e,  and  made  so  as  to  carry  off 

rp  be  made  self-acting.     Byivash 

es  if,  and  from  the  supply  stream.! 

ed  times  of  hea\-y  rains  and  when 

0  ra  of  weir,  h,  as  usual,  the  height 

-^  =  3.33  v"Tand  X'^X'fhf 
this  distance  is  to  bo  coverci 
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I    /  b    1      I  hi         f   h    d 

les      il        f  ed    h    La        dix  C      I        1 
g  II  f  II  t  !,h       1    rt 


h        iif      f 

n    H   loos  I 


/    Z>  /    1/        J    I  1  y   1  0 

It>fi=lhkn         f  11  I        h-illlhk 

I  h  i  ][    1  h       Treati  Engi  I 

If  h         11 

310U.  To  find  the  thichiess  of  a  rectangular  '.mil,  A  B,  to  resist  Us  beiitg 
turned  mer  oit  the  pohil  D,  (See  Fig.  70. )  Let  the  perpendicular,  E  F, 
pft's  ihrough  the  centre  of  the  rectangle;  by  Sec.  313  it  passes  through  the 
centre  of  gravity  CI,  makes  C  I'  =  one-third  of  1(  C.  We  have  the  vertical 
pressure  =  weight  of  the  wall,  and  the  lateral  pressure  eqvial  to  that  of 
the  pressing  fluid  or  mass.  Let  iv  —■  specific  gravity  of  the  water,  and 
W  Ihat  of  the  wall.  We  have  the  pressure  of  the  fluid  represented  by 
by  D  1",  and  T  D  II   is  a  bent  lever 


By 

Section  31'Jc,  I'  ;  W  :  : 

I>  X  U  C       DC 

-_-_  elea 

am 

3 

3  U  C  >:  W 

2  BC 

.,.,, 

P 

X  2  IJC 
3  W 

We  have  the  value  of  1'  x  2  B  C  per  lineal  foot,  and  find  the  vakte 
of  3  W  for  height,  E  C.  and  one  foot  thick,  which,  divided  into  P  «  2  B  C, 
will  give  the  value  of  A  B  or  D  C  when  on  the  [joint  of  turning  over. 

I..et  w  =  weight  of  material,  and  S  =  weight  of  water ;  h  =  height  of 
wall  —  that  of  the  water,  and  b  —  breadth  of  wall  required,  then  we  have 
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REVKTMBNT    V 


V  62.  n 

£j-flwy)fe —Height  of  dam  a 
=  62}4  lbs.,  and  that  of  the  r 


*=  \ 


12.5  X  2 


|K 


ci  water  ^  20  ft. ;  spedfic  gravity  of  wat 
isonry  120  Ibs.^-to  find  thickness  i. 


=  8.33  feet. 


of  1,8  limes  the 
which  divided  by 
We  prefer  to  use 


i  X  120 

As  this  formula  gives  but  the  thickness,  to  form  a 
one  fool  to  tlie  thickness,  for  safety, 

JtuHiidei  recommends,  to  find  the  required  Ihickne; 
calculated  pres^re,  which  in  this  case  would  be  28800 
263,  gives  /''  79.33088,  whose  square  root  =  8.91  feet. 
Routidelet's  formula  for  safety. 

3I0U*,  REVETMENT    WAl.lS. 

In  retaining  walls  we  have  to  support  water,  but  in  revetment  walls  we 
have  to  support  moveable  matter,  such  as  sand,  earth,  etc.  (See  fig.  71) 
Let  C  =  tangent  squared  of  half  the  angle  of  repose,  which  may  be  taken 
at  22J4  deg, ,  which  angle  is  called  the  angle  of  rupture,  as  shown  by  Cou- 
lomb and  others.  The  angle  of  V  D  W  is  tlie  angle  of  repose,  and  the 
angle  W  D  S  being  half  the  angle,  v  n  s  is  the  angle  of  rupture,  and  the 
line  D  S  -  line  of  rupture.  Assume  the  angle  W  D  S  =  22ji;°  whose 
tangent  squared  equals  .41421  x  .41421  =  0. 1715699,  nearly  0. 1716,  which 
we  take  for  the  coefficient  off  in  the  following  formula:  fi  =  width  at  top 

I    ri«  j-i                          I  3Wlf^                    /,  2  W. 
i^h^l  —  J         And  /:  ^  h    ■  —  And  P  =  —  X 

(  3  W  )  (   f  -J)  )  2         2 

I   O.nilki;,  )  '4                            I       3W       j  Ji                   O.UieiSa/ 
b  =  h     J \  And  yi  =  b  ;  -— \      And  />  ^ 

(      3  W      1  (  0.1716c  j  2 

Here  to  =  .specific  gravity  of  the  material  to  be  sustained,  and  W  =  that 
of  the  wall  C  =  0,625  for  wafer,  0.410  for  fine  dry  sand.  0.350  earth 
in  its  natural  slate;  and  for  earth  and  water  mixed,  0.40  to  0.65.  To  the 
value  of  6  thus  found  (he  English  engineers  add  for  safety  about  one-sixth 
of  it. 


t=       0.95ch,  — -  = 


116 
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t  =  0.76  di/ li      linG. 

V     W 
From  the  mean  thickness  t,  take  half  the  tolal  lialter,  and  it  will  give 
the  thickness  at  top;  and  to  t  add  the  half  bailer  il  will  five  the  thickness 
at  the  base. 

310a2  Where  there  is  a  surcharge  running  back  from  (he  walls  at  a 
slope  of  l-A  to  1.  Column  A  for  he^™  stone  or  rubble  kid  in  mortar. 
B  for  well  scrabbled  ruble  in  inortar,  or  brick.  Col.  C,  well  scrabbled  dry 
rubble.  Col.  D  the  same  as  A.  Col.  E  (he  same  as  B.  Columns  A,  B, 
and  C  are  from  the  English.  Cols.  D  and  E  are  from  J'fmY/if.  H  = 
height  of  the  walls  and  surcharge.  A  =  that  of  a 
"     eelet  has  the  surcharge  ;— 


=  total 
ingidar  wail  above 


When. 

A 

]J 

C 

0.35A 

.40// 

.50* 

.354 

.454 

.5U 

.6t/i 

.564 

.664 

.59* 

MA 

.6U 

H  =  2.h 

.5S/1 

.634 

.734 

310«3.     JUsri-  in  his  Aid^  Memoirs,  gives  for  thickness  at  base 
t  =  0.865  (H-h).  /i022.     Here  H  =  height  of  the  wall  and  k  =  height 
from  the  surface  of  the  water  to  the  top  of  the  wall.      1000  =  specific 
weight  of  one  kilogramme  of  water,  and  ,=  -  specific  weight  of  one  k.lo- 
gramme  of  the  masonry. 

Example  wall  four  metres  Wsh.     4  =  0.50  m.    /  =  2000, 
t  =  0.865.  >:  (4.0  met  -0.50).    /_1000  =  2,04  metres. 


310«4.     Dry  Walls  a 


e-fourth  grc: 


( Sec  fig. 


310w5.  LintofrcshtanecUia'u>^....i.'^-.  ,."-■■=-  --. 
Let  PQ  =  the  direction  of  the  pressure  P.  which  is  supported  by  the  wall. 
The  line  EK  passing.-through  the  centre  of  gravity  meet  PQ  at  G.  Make 
GL  =  the  pressure  P,  and  GH  =  pressure  by  the  weight  of  the  vrall 
ABCD.  Complete  the  parallel-^ramGHKL.  Join  GK  and  produce  it 
to  meet  the  base  CD  at  M.      Then  M  is  a  point  in  the  Ime  of  resistance. 

310«6.  Tlu  cekbrated  V<i«bani  in  his  walls  of  fortifications,  makes 
MF  =  *  of  CF.  F  being  where  the  line  through  the  vertical  of  the 
centre  of  gravity  of  the  wallinlersects  the  base. 

Let  7^  =  weight  of  the  wall.  4  =  BD.  *  =  AB.  a  =  angle  PGE. 
rf=,J£and  J^  =  MF. 
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2lQu6a.     Thi ^•eatist  height  /o  lokich  a  pUr  can  h  built,  is  when  the  line    . 
of  cesistance  interiiects  the   base  at  C,  that   is,  when  H  is  a  maximum, 
j:  =  j^i  MF  must  not  exceed  from  0,3  to  0.375  the  thicliiiess  of  CD. 

Vauiam  in  his  wails  of  fortifications  makes  the  Ijase  O.Th.  At  the  mid- 
dle O.5I1,  and  at  the  lop  0.3h. 

310«(W,  In  fig.  72.  Let  CE  =■  nal.  slope.  G  =  centre  of  gravity  of 
the  triangular  piece  to  be  supported.  Draw  FGR  parallel  to  CE,  tlien  the 
triangulav  wall  BCR  will  be  a  maximum  in  strength.  And  by  making 
BA  =  1,5  to  2  ft.  and  producing  EB  to  O,  making  AO  =  OR  and  de- 
scribing the  curve  AKR  the  figvire  ABCRK  will  be  a  strong  and  graceful 
wall. 

310a7.  (See  fig.  72.}  Ronddit's  J^u/is. —A&iume  the  nat.  slope  to  be 
45  degrees.  In  the  parallelogram  UCDE  draw  the  diagonal  CE.  When 
the  wall  is  rectangular,  then  BA=CR  =  one-sixlh  of  CE. 

When  tlie  wall  bailers  2  inches  per  foot  AlJ  =  oiie-ninth  do. 
do         do         do         1  1-2  inches  per  foot  AB=one-eight  do. 

TAc  Englis/i  Engineirs,  make  therr  walls  less  than  the  French.  They 
put  1-15  1-10  respectively  where  Kondelet  has  1-8  and  1-0.  When  the 
batter  is  one  inch  per  foot,  the  English  make  Al!  =  one-elevenlh  of  CE. 

For  dry  walls,  make  AB  =  2-3  ol  CE,  never  less  than  one-half;  and  in 
order  to  insure  good  drain:^e,  ought  to  be  buill  of  large  stones,  and  batter 
three  inches  per  foot. 

310n8.      Colonel  IVurmh  in  his  Military  Architecture,  gives 


T  =  0.8*5  h.tan.   —   V ,  and  , 

2             W 

(  =  "I> 

10  ' 

Here  T  =  thickness  of  a  rcclangtilar  ■ 

ivall  and  1 

1  =  that 

the  base,  n  =  ratio  of  batter  to  /(  an 

id      " 

=  half 

cf  the  angle  of  repose  =  WDS.      (fig.  71.) 

3IO;i9.  Safety  pressure  per  square  foot.  White  marble  83,000  lbs.; 
variegated  do.  129,000  lbs.;  veined  white  do.  17,400  t6s.;  Portland  stone 
30,000  as. ;  Bath  stone  17,000  lbs. 

Pressure  cn—TVt  Key  of  the  Bridge  of  Neuilly,  Paris,  18,000  Bs. 
Pillars  of  the  dome  of  the  Invalides,  Paris,  39,000  Bs.  Piers  of  the  dome 
of  St.  Paul,  London,  39,000  llis.  Do.  of  St.  Peter's,  in  Rome,  33,000 
lbs.;  of  the  Panlheon,  in  Paris,  60,000 lbs.    All  Saints,  Anglers,  80,000 fcs. 

Hankini:  gives  on  firm  earth  25,000  to  35,000. 
do       on  rock  a  pressure  equal  to  one-eighth  of  the  weight  that  would 
crush  the  rock. 

Fox  on  the  Victoria  R.  R.,  London,  clay  under  the  Thames  11,200  lbs., 
and  for  cast  iron  cylinders  filled  with  concrete  and  brickwork  8,960  fts. 

Brunlee  on  the  Leven  and  Kent  viaduct,  gravel  under  cast  iron  Il,2001bs. 

Blytk—d'o.  Loch  Kent  viaduct,  gravel  under  the  lake  14,000  lbs. 

A'artijiaiB.— Charing  Cross  R.  R.,  London,  clay  17,920  lbs. 

Built  on  cast  iron  cylinders  14  ft.  diameter  below  the  ground  and  10  ft. 
dia.  above  it,  sunk  50  to  70  ft.  below  high  wafer  mark,  filled  with  Port- 
Iwid  cement,  concrete,  and  brickwork. 

General  Morin,  of  France,  recommends  for  Ashlar  one-twentieth  of  the 
crushing  weight,  for  a  permanent  safe  weight. 

Vicat  says  that  sometime!  we  may  load  a  column  equal  to  one-tenth  of 
the  crushing  weight,  but  it  is  safer  to  follow  Morin, 
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mOull.  (Fig.  72  a,)  Wall  built  at  the  India  Docks,  London.  Ra- 
dius 72  ft.  =  DB  =  DE.  Wall  is  6  ft.  uniform  thickness.  Counterforts 
3'!<3',  18  ft,  apart.     AE  =  h  =  29  ft. 

The  wall  at  East  India  Dock,  built  by  Walker,  is  22  ft,  high,  7  1-2  ft. 
thick  at  base  and  3  1-2  ft.  at  top,  Radius  28  ft.  Counterforts  2X  ft. 
nide,  7  1-2  ft.  at  bottom  and  1  1-2  at  top.  Lines  of  the  two  walls  are  oit 
the  same  line  with  the  top.     Their  backs  vertical. 

Fig.  73.  LivtrfBol  Sea  Wall,  built  in  1806,  base  15',  top  7  1-2.  Front 
slope  1  in  12.  Counterforts  15  wide  and  36'  from  centre  to  centre. 
Height  30  ft. 

Fig.  73  a.  Dam  at  Poona,  near  Bombay,  in  the  East  Indies.  Top  of 
dam  is  3  a.  above  water.  60  1-2  ft.  thick  at  base  and  13  1-2  at  lop,  100 
ft  high, 

(Fig.  74.)  Tkt  Toohic  Dnhi,  near  Bombay,  is  built  of  Basalt,  ruble 
'  masonry.  Mortar  of  lime  and  lioman  cement.  Height  80  ft.,  thickness 
at  base  50  ft.,  at  top  19  ft. 

(Fig.  75.)  Dublin  Quay  Wall,  30  ft.  high.  Counterforts  7  ft.  long 
and  4  1-2  ft,  deep,  and  17  1-2  ft.  from  side  lo  side,  A  puddle  wall  at  the 
back,  built  on  piles.     Sheeted  on  top  to  receive  the  masonry. 

(Fig.  76,)     Wall  of  Sunderland  Docks,  England. 

(Fig,  77.)     Bristol  Docks. 

(Fig.  78.)  Revetment  wall  on  the  Dublin  and  Kingston  R.  R.  This 
is  in  face  of  a  cut  and  Ls  surcharged. 

(Fig.  79. )     Chicago  street  revetment  walls. 

Blue  Island  Avenue -viaihicl  in  Chici^o. 

Steepest  grade  on  the  streets  crossing  is  1  in  30,  rather  too  steep  for 
-  traffic.     On  the  avenue  it  is  but  1  in  40, 

3I0al2.  Blue  Island  dam  on  the  Calumet  feeder  taken  away  in  1874. 
Timber  of  Oak  and  Etni.  Built  in  compartments,  well  connected  and  the 
spaces  filled  with  stones.  It  was  down  27  years  and  did  not  show  the 
slightest  decay  in  the  timber  used. 

yone£  Falls  dam,  on  the  Rideau  canal.  Is  61  feet  high,  built  of  sand 
stone,  with  puddle  embankments  behind  it.  Several  other  dams  made 
similar  to  that  at  Blue  Island,  are  between  Kingston  and  Ottawa  (formerly 
Bytown),  in  Canada. 


PUe  driving  tnachines  are  of  various  powers  and  forms.  A  simple  porta- 
ble machine  may  be  12  to  16  feet  high,  hammer  350  to  400  pounds  weight, 
without  nippers  or  claws,  and  worked  by  about  10  men. 

A  Crab  may  be  placed  and  worked,  bul  where  a  small  engine  can  be 
placed  it  is  preferable.  The  locality  and  ground  will  control  which  to  use. 
The  site  is  bored  to  fmd  the  under  lining  stratas,  both  sides  of  the  banks, 
(if  for  a  bridge,)  to  be  brought  lo  the  same  level. 

It  is  an  old  rule  that  a  pile  that  will  not  yield  to  an  iinpacl  of  a  ton,  will 
bear  a  constant  pressure  of  \\  tons. 

The  power  of  a  pile  drliier  may  be  determined  from  the  following  for- 

310vl.  Screvj  Files  6  1-2  ft.  in  dia.  have  been  driven  in  India  and  else- 
where.    4  levers  are  attached  to  a  capstan,  each  lever  moved  by  oxer. 

Hollow  Cast  Iron  Piles. — When  these  are  driven,  a  wooden  punch  is  put 
on  top  to  receive  (he  blows  and  protect  the  piles  from  breaking. 
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M  =  velocity  in  feet  acquLred  at  the  time  of  impact. 
i  =  height  fallen  through  in  time  s,  in  seconds. 
=  time  of  descent  in  seconds,  tp  —  weight  of  hamm 


v=  8.82  V' 


w  =  2  a/  V     10.083  i        Lei  i  =  10  feet,  w  =  2  tons ; 
Then  m  =  4V    160.83      =  30.4  tons. 
V  =  25.2  feet. 

Othenmsc    We  determine  the  safe  load  to  be  borne  by  each  pile,  and  in 
driving  find  the  depth  driven  by  the  last  blow  =  d.     W  =  weight  of  the 
hammer  in  cwts.,  H  =  heigth  fallen,  and  L  =  .safe  load  in  eivts.  of  112  lbs. 
W  H  W  II 

L  =   •  and  D  =    

8  D  8  L 

£j-3/H//i.— Hammer  20001bs.,  fall  35  feet,      Safe  load  L  =  44,000nis., 
2000  X  35 
then  D  =  g   jc  40  000  =  ^■'iS,  inches,  nearly  the  length  to  be  driven  by 
the  last  blow. 

Let  w  =  safe  weight  that  a  pile  will  bear  where  there  is  no  scouring  or 
vibration  caused  by  rolling  pressure  on  the  superstructure. 

R  =  weight  of  ram  in  pounds,    y"—  fall  in  feel  and  d  equal  depth  driven 
by  the  last  blow. 
Kh 
W  =      -g^    this  is  the  same  as  Major  Sander's,  U.S.  Engineers. 

w  =  ^.  {R  +  0.228  V~— 1|  The  same  as  Mr,  McAlpine's  formula 
assuming  w  =  one-third  of  the  estreme  weight  supported. 

W  =  1,500  IlJs.  X  by  the  number  of  square  inches  in  the  head  of  the 
pile.  This  agrees  with  the  lale  Mahan  and  Kankine's  formulas  for  piles 
driven  to  the  firm  ground. 

w  =  460  Rjs.  (mean  safe  worliing  load)  per  inch,  by  Rondekt. 

w  =  990  lbs.  per  square  inch  for  piles  12  in.  dia.,  by  Perronet. 

w  =  880  lbs.       do.         do.        do.         9        do.  do. 

W  =  0.45  tons  in  firm  ground.      According  to  English  Engineers. 

w  =  0.09  tons  in  soft  ground.  do.  do.  do. 

Piles  near,  or  in,  salt  water  deterioiate  rapidly  and  must  be  filled  with 
masonry  or  concrete. 

Lime  slonc  exposed  to  sea  air  also  suffers,  and  ought  not  to  be  used,  as 
granite  laid  in  cement  can  alone  remain  permanent. 

FiUs  are  driven,  according  to  the  French  standard,  unli!  120,000  lbs. 
pressure  equal  to  800  lbs.  falling  5  ft.  30  times  will  penetrate  but  one-fifth 
of  an  inch.     The  most  useful  fall  is  30  feet— should  not  exceed  40  ft. 

Where  there  is  no  vibration  of  the  pile  the  friction  of  the  sand  and  clay 
in  contact  with  it  increases  its  strength,  and  is  greater  under  water  where 
there  is  no  scouring,  than  in  dry  land. 

The  Nasmith  Steam  Hammer  strikes  in  rapid  succession,  so  as  to  pre- 
vent the  material  being  displaced  at  each  blow  (o  settle  about  the'pjle. 
The  blows  are  given  about  every  second. 

IVken  men  are  used  as  a  force,  there  is  one  man  to  every  60  lbs.  of  the 
weight.  Piles  driven  in  hard  material  are  shod  with  iron  and  an  iron 
hoop  put  on  top,  lo  prevent  splitting. 

For  much  valuable  information,  see  a  paper  by  Mr.  McAlpine,  in  the 
franklin  Jeuriml,  vol.  55,  pp.  98  and  170. 
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7^118         PILE-DRIVING,    COFFER-DAMS,    AND   FOUNDATIONS, 

II  sometimes  happens  that  below  a  hard  strata  there  is  one  in  which  the 
pile  could  be  driven  easier,  therefore  boring  must  be  first  use(i  to  find  the 
stratas,  and  observations  made  on  the  last  three  or  four  blows. 

31lte.  Mr.  McAlpine's  formula,  from  observations  made  at  the  Brook- 
lyn Navy  Yard,  gives  as  follows: 

X  ^W  +  .  0228  V  F— 1,  Here  x  =  supporting  weight  of  the  pile. 
W  =  weight  of  the  ram  in  tons.      K  =  fall  in  feel. 

He  says  that  only  1-3  of  the  value  of  x  should  be  used  for  safety 
weights. 

These  piles  were  driven  until  a  ram  2,200  Itis.  falling  30  ft.  would  not 
drive  the  piles  but  1-2  an  inch.  They  were  made  to  bear  100  tons  per 
square  foot. 

Piles  in  firm  ground  will  bear  0.45  tons  per  square  inch,  and  in  wet 
ground  0.09  Ions.  The  greatest  load  ranges  from  .9  to  1.35,  tons  per 
square  inch. 

310;/1.  Cast  iron  cylinders  were  first  used  in  building  the  railway  bridge 
across  the  Shannon,  in  Athlone,  Ireland;  next  at  TheJs,  in  Austria,  and 
now  generally  used.  Those  used  in  the  bridge  of  Omaha,  United  IJtates, 
are  in  cylinders  10  ft.  long,  8'  inner  diameter;  thickness  1^  inches. 
Flanges  on  the  inside  2".  These  when  down  are  filled  with  concrete. 
The  lower  ends  of  those  sunk  in  Athlone  were  bevelled,  and  sunk  by  Potts' 
method  of  using  atmospheric  pressure— that  is,  by  exhausting  the  air  in 
the  cylinder,  which  caused  the  seniilluid  to  rise  and  pass  off  The  pipe  of 
the  air  pump  was  attached  to  the  cap  of  the  cylinder. 

310!^.  Fnundations  of  Timber.— '^\iete.  timber  can  be  always  in  water, 
several  layers  of  oak  or  elm  planks  are  pined  together.  We  have  seen 
the  Calumet  dam,  on  the  Illinois  and  Michigan  Canal,  removed,  in 
1874,  after  being  built  27  years,  The  foundation  was  of  oak  logs,  pined 
together,  and  in  compartments  filled  with  stones.  The  lumber  did  not 
show  the  least  sign  of  decay. 

Timbers  10  to  12  in.  square  ace  laid  2§  to  3  feet  apart,  and  another 
layer  is  laid  across  these,  and  the  spaces  between  them  filled  with  con- 
crete, the  whole  floored  with  3-inch  plank. 

File  Foundati^ns.  —  YWfs.  ought  to  have  a  diameter  of  not  less  than 
one-twentieth  of  their  length,  to  be  1\  to  3  feet  apart,  and  the  load  for 
them  »o  bear,  in  soft  ground,  200  t6s.  and  in  hard,  firm  ground,  1000  ^s. 
"  per  square  inch  of  area  of  head.  Piles  ought  to  be  driven  as  they  grew 
— with  butt  end  downwards— all  deprived  of  their  bark;  a  ring  is  some- 
limes  put  on  top,  to  prevent  their  splitting  and  riving. 

Pile-Driving  Engine. — ^When  worked  by  men,  there  is  one  man  to 
every  40,lbs.  weight  of  the  ram  or  hammer  used,  A  pile  is  generally  said 
to  be  deep  enough  when  130,000  foot  ths,  will  not  drive  it  more  than 
one-fiflh  of  an  inch.  120,000  foot  Itis.  pressure  is  a  hammer  of  1000  »s. 
weight  falling  6  feet  20  times. 

Let  W  =  weight  of  ram,  k  =  height  of  fall,  j-  =  depth  driven  by  the 
last  blow,  P  =  greatest  load  to  be  supported,  S  =  sectional  area  of  the 
pile,  /=  its  length,  E  =  its  modulus  of  elasticity. 
2ES  J 

By  this  formula 
and  the  working  load  is  taken  at  i 
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3IO!/3.  In  buiMing  the  Victoria  biiiige,  in  Monlreal,  the  cofTcr-dam 
was  188  ft.  long,  width  90,  pointed  against  the  stream,  and  flat  at  the  other 
end.  Double  sides  made  to  be  removable.  Depth  of  rapid  water  5  to 
15  ft.  On  the  outside  at  intervals  of  20  ft. ,  strong  piles  were  driven,  in 
which  steel  pointed  bars,  2  in.  dia.  were  made  (o  drill  to  a  depth  of  two 
feet  ill  the  rock,  to  keep  the  dam  in  position.  When  the  pier  was  built 
these  bars,  etc.,  were  removed  as  required.  In  floating  it  to  its  required 
place  the  dam  drew  18"  of  water. 

For  building  cofferdams  in  deep  water,  see  Mr.  Chanute's  treatise  on 
the  Kansits  City  bridge,  on  the  Missouri. 

Cofferdam  of  eari/i,  where  it  is  feasible,  is  the  cheapest.  It  has  to  be 
built  slowly.  There  are  two  rows  of  piles  driven,  then  braced  and  sheet- 
ed, and  filled  with  clay  of  a  superior  quality. 

The  Thames  emOan&nwHt  reclaime<l  a  strip  of  land  110  to  270  ft.  wide. 
Depth  of  water  in  front  2  ft.  Kise  of  tide  I8i^  S/iata,  gravel  and 
sand  resting  on  I-ondon  clay  at  a  depth  of  21  to  27  ft  Dejith  of  wall  14 
I  ft.  below  low  water  mark.  Dams  were  Wyi  ft  long  and  21  broad  in- 
side, made  of  two  rows  of  piles  40  to  48  ft  lon^,  13  m  square,  shjd  with 
casi  iron  shoes  70  Itis.  each,  and  driven  C  ft  ap-irt  The  sheelmg  driven 
6  ft.  in  the  clay.  At  intervals  of  20  ft.,  other  piles  wtre  driven  as  but- 
tresses and  supported  by  walling  at  every  bji  ft  horizontally,  and  con- 
nected with  two  other  piles  bolted  with  iron  bolts  2J^  in  Jia  ,  with 
washers  9"  dia.  and  2^"  thick.  An  iron  cylinder  8  ft  dia  sunk  in  each 
dam  as  pump  wells. 

3101.4  Irees  ought  (o  be  cut  down  whenlhey  arrneil  maturity,  which, 
for  oak,  is  ibout  100  >earb,  fir,  80  to  90,  eim,  i-sh  and  larch,  75  'Should 
be  cut  when  the  sap  is  not  ciri,ula(mg,  which,  in  temperate  climates,  is 
in  wintei  and  in  tropical  climates  in  the  dry  season— the  bark  taken  off 
the  previous  spring  When  cut,  make  into  square  limber,  which,  if  too 
large,  ought  to  be  siwed  mto  smaller  timbers 

310:4a  Nalura!,  Seiisontag — By  haMng  it  madry  place,  sheltered  from 
the  sun,  rim  and  high  winds  supported  on  cast  iron  bearers,  in  a  yard 
thoroughly  drained  and  paved,  Ibis  requires  two  years  to  fit  it  for  the 
carpenter  s  shop,  and  for  jOiners,  four  years  Timber  steeped  in  water 
about  two  weeks  after  felling,  takes  part  of  the  sap  away  Thus,  the 
American  timber,  rafted  down  stream  to  the  sea  board,  affords  a  good 
opportunity  for  this  natural  process 

310Z4*.     Artijicial  Stasomng,  is  exposing  it  to  a  current  of  hot  air,  p(o- 

duced  by  a  fan  .blowing  100  feet  per  second.     The  fan  air>passages  and 

chambers  are  so  arranged  that  one'thirU  the  air  in  the  chamber  is  expelled 

.    per  minute.     The  best  temperature  is,  for  oak,  lOS"  Fahr.,  pine  in  thiclc 

pieces,  120°,  pine  in  boards.  180°  to  200°,  bay  mahogany,  280°  to  300°- 

Thicitne.s5  in  inches.         1       2      3      4      f>        8 

Time  required  in  days,  1       2      3      4      7       10 

each  day,  only  twelve  hours  at  a  time. 

7i\»iAc.  Robert  Napier's  Process  is  by  a  current  of  hot  air  through  the 
chamber,  and  thence  into  a  chimney,  is  found  very  successful  The  air 
admitted  at  240",  requires  I  16.  of  coke  to  every  3  ttis.  moisture  e^aporateH 

The  short  duration  of  wooden  bridges,  lies  etc.,  calls  for  a  method  for 
preventing  the  dry  rot  in  timber.  The  following  brief  account  inll  be  suf 
ficient  to  inform  our  readers  of  the  means  used  to  ihis  time 
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Tanks  are  made  to  hold  the  required  cubic  feet,  and  sunk  in  the  ground 
level  with  the  surface,— ^ob'j  Proceis,  paletitcd  March,  1832. 

On  the  Great  Western  Railway,  England,  the  tank  was  84  feet  long, 
19  feet  wide  al  top,  60  feet  long  and  12  feet  8  in.  wide  at  bottom,  and 
9  feet  deep. 

Corrosive  suUhnaU  (biehlorate  of  mercury)  was  used  at  the  rate  of  1 
lb.  lo  5  gallon-s  of  water.  Cost  per  load  of  50  cubic  feet,  20  shillings, 
sterling ;  of  this  sum,  one-fourth  was  for  the  mercury,  one-fourth  for  labor, 
and  one-half  for  license,  risk,  and  profit.  The  solution  is  generally  made 
of  1  lb.  of  the  mercury  to  9  to  15  lbs.  of  «ater.  Time  of  immersion 
eight  days;  timber  to  be  slacked  three  weeks  before  usiiig.  E'vpenmenls 
are  reported  against  Kyan's  method. 

Sir  Williavt  Bumtt's  Mdkod—YaXznXeA  in  England,  March,  1840  He 
uses  chloride  of  zinc  (muriate  of  zinc).  Timber  prepared  with  (his  was 
kept  in  the  fungus-pit  a(  Woolwich  dock-yard  for  five  years  and  was 
found  perfectly  sound.  The  specimens  experimented  on  were  English 
oak,  English  elm,  and  Danlzic  fir.  Cost— one  pound  at  one  -.hilling  is 
sufficient  for  ten  gallons  of  water,  a  load  of  50  cubic  feet  thus  prepared 
in  tanks  casts,  for  landing,  2  shillings,  preparation,  labor,  etc.,  14  shillings, 
total,  16  shillings, 

BetheW s  Method.— C\mt  iron  tanks  are  provided,  into  which  the  wood 
is  put,  also  coat-tar,  free  from  ammonia  and  other  bituminous  substances. 
The  air  is  exhausted  by  air-pumps  under  a  maximum  pressure  of  200  lbs. 
per  square  inch  during  6  or  7  hours,  during  which  time  the  wood  becomes 
thoroughly  impregnated  with  the  tar  oil,  and  will  be  found  to  weigh  from 
8  lo  12  lb;,  per  cubic  fool  heavier  than  before.  The  ammonia  must  be 
taken  away  from  the  tar  oil  by  distillation, 

Payne's  Method —ViixoXzH.  1841.— The  timber  is  enclosed  in  an  iron 
lank,  in  which  a  vacuum  is  formed  by  the  condensation  of  steam,  and 
air-pumps.  A  solution  of  sulphate  of  iron  is  then  let  into  the  lank,  which 
immediately  impregnates  all  the  pores  of  the  wood.  The  iron  solution 
,  is  now  withdrawn,  and  replaced  with  a  solution  of  chloride  of  lime,  which 
enters  the  wood.  There  are  then  two  ingredients  in  the  wood^sulphate 
of  iron  and  muriate  (chloride)  of  lime.  The  timber  thus  prepared  has 
the  additional  quality  of  being  incombustible. 

Boucheri's  MelAoii. — Use  a  solution  of  1  lb,  of  sulphate  of  copper  to 
\2\  gallons  of  water.  Into  this  solution  the  timber  is  put  endwise,  and 
a  pressure  of  15  lbs.  per  square  inch  applied. 

W.  H.  Hyelt,  in  Scotland,  impregnated  timber  standing,— found  the 
mqnth  of  May  to  be  the  best  season.  From  his  experiments  on  beech, 
larch,  elm,  and  lime,  we  find  that  prussiale  of  potash  is  the  best  for  beech 
— J  lb.  per  gallon — chloride  of  calcium  the  best  for  larch.  Time  applied, 
17  to  19  days.     For  further  information,  see  Parnell's  Applied  Chemistry. 

A.  Lege  and  FUury  Peronnel,  in  France,  in  1859,  used  sulphate  of 
copper,  which  they  found  lo  be  better  and  cheaper  than  Boncherie's 
method. 

310v5,  Byexkau$ledsteam.—\-n  Chicago,  at  Harvey's  extensive  lumber 
yard  and  planing  mill,  the  following  process  is  found  very  cheap  and 
effective  :— 

.  The  machinery  is  driven  by  a  lOO-borse  power  engine,  the  fuel  used 
is  exclusively  shavings ;  the  exhausted  steam  is  conducted  from  the  engine 
house  to  the  kiln,  where  it  is  conveyed  along  its  east  side  in  a  live  steam 
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coil  of  20  pipes,  2  inches  in  diameter.  The  heat  thereof  passes  up  nnd 
through  the  limber,  aepaj-iited  by  inch  strips  and  loaded  on  cars.  The 
heal  passes  to  the  west  through  the  lumber  ears,  and  thence  to  the  north- 
west corner  of  the  kiln,  where  it  escapes.  Connected  with  the  last  maift 
pipe  (8  inches  in  diameter,)  are  condensing  pipes,  2  inches  in  diameter, 
laid  within  4  inches  of  one  another,  and  connected  with  a  main  exhaust 
pipe  4  inches  into  a  chimney — one  of  which  is  over  each  car. 

There  are  five  tracks,  or  places  for  ten  cars  in  each,  about  80  by  60 
feet;  each  car  is  16  feel  long,  6  feet  wide,  and  7  feel  high,  and  is  moved 
in  and  out  on  a  railway;  the  whole,  when  filled,  contains  200,000  feet 
of  lumber.  The  temperature  is  kept,  day  and  nighl,  at  1C0°  Fahr.,  and 
the  whole  dried  in  7  day.s,  losing  about  half  its  weight,  and  selling  at 
about  one  dollar  more  per  thousand.  This  makes  a  greal  saving  in  the 
transportation  of  lumber  from  the  yard  to  various  places  in  the  west,  as 
the  freight  is  charged  per  ton. 

From  expermienti  made  by  the  Hoyal  Engineers,  they  find  that  1120 
bu  p-i-.el,  160  bu  lime,  and  9  of  coals,  made  1440"  cubic  feet  in  foun- 
dation, 4522  bu  gravel,  296  lime,  and  30*  coal,  made  2325  feet  in  abut- 
ments, 3591  bu  gravel,  354  lime,  and  30  bu.  coal,  made  2180  cubic  feet 
in  arches  Cost  per  cubic  fool — in  foundations,  SJd,  abutments,  4Jd, 
arches,  5%A,  specific  gravity,  2,2035;  16  cubic  feet  =  1  ton  =  2240  lbs. 
Breaking  weight  of  concrete  to  that  of  brick-work,  as  1  to  13. 

At  Woolwich  that  concrete  in  foundations  cost  one-third,  and  in  arches 
one-half  that  of  brickwork. 

Stoney,  in  his  Theory  of  Strains,  p.  234,  edition  of  1873,  says  Rondelet 
states  that  plaster  of  Paris  adheres  to  brick  or  sfone  about  iwo-thlrds 
of  its  tensile  strength;  is  greater  for  mill -stones  and  brick  than  for  lime- 
stone, and  diminishes  with  age;  lime  mortar,  its  adhesion  to  stone  or 
brick  exceeds  its  tensile  strength,  and  increases  with  time. 

On  the  Crolon  Water  IVarts.  Stone  backing.  1  cement  to  3  of  sand. 
Brick  work,  inside  lining  1  c  to  2  s, 

Al  Fori  Warren,  Boston  Harbor,  the  proportions  for  the  stone  masonry 
were  stiff  lime  paste  1  part,  hydraulic  cement  0.9,  loose  damp  sand  4.8. 

At  Fort  Richmond,  byd.  cement  1,00,  loose  damp  sand  3.2. 

Vkal,  a  well-known  French  t^ngineer,  recommends  pure  limepaste  1, 
sand  2.4,  and  hyd.  lime  ])aste  1,  sand  1.8. 

Cement  for  water  ^aarl.  Friessart  recommends  hyd.  lime  30  parts. 
Terras  of  Andrenach  30  parts,  sand  20,  and  broken  stones  40. 

Grouting.  Smeaton,  who  built  the  Eddystone  light  house,  recommends 
4  parts  of  sand,  one  of  lime  made  liquid.  For  Terras  mortar  he  substi- 
tutes iron  scales  2  parts,  lime  2  and  sand  1  part.     This  makes  a  good 

Iron  cement.  Gravel  17  parts  by  » 
spread  in  alternate  layers.  Used  in  si 
months. 

310;«.  Ston^  at  Sec.  304,  edit,  1873,  gives  the  crushing  weight  per 
square  inch  at  3,  6,  and  9  months,  as  follows; 

Specimens  acted  on  were  made  into  bricks  9  x  4J^  x  2J^  inches. 
They  began  to  fall  at  five-eights  of  the  ultimate  load. 

At  Sec.  68S  of  Stoney  on  strains,  the  working  load  is  taken  at  one-sixth 
of  the  crushing  weight. 
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Vicat  gives  lenacity  {one  year  after  mixlure)  of  hydraulic  cement  190 
lbs.  to  160,  and  common  mortar  50  to  20. 

Cfmeut  fer  moist  climates.  Lime  one  bushel,  %,  liii.  fine  gravel  sand, 
2Ji  fts.  copperas,  15  gallons  of  hot  water.  Kept  stirred  wliile  incor- 
porating. 

ailfcT.  In  I-ondon,  architects  use  one  part  of  ground  lime  and  G  parts 
of  good  gravel  and  sand  together.  Broken  briclis  or  stones  are  often 
added.     Strong  hydraulic  concrete,  is  made  of  2  parts  of  stone  and  1  of 

In  the  United  States,  1  of  cement  to  3  of  brol;en  stone  and  sand  '■& 
frf^quently  the  proportions. 

The  stones  and  sand  are  spread  in  a  box  to  a  depth  of  8  inches,  the 
proportion  of  cement  is  then  spread  on  the  whole  and  sufficiently  wetted. 
Four  men  with  shovels  and  hoes  mix  up  the  ingredients  from  the  sides  to 
the  centre,  and  mix  one  lime  in  one  direction  and  again  in  the  opposite 
one.  It  is  (hen  taken  on  wheel-barrows  and  tlirown  from  a  height  where 
it  is  spread  and  well  rammed.  One  part  of  the  materials  before  made 
makes  /^  in  foundation.     Lime  must  not  be  mixed  when  used  in  sea-walls. 

Concrete  is  made  into  domes  and  arches. 

The  central  arch  of  Ponle  d'Alma,  iSl  ft.  span  and  28  ft.  rise  is  made 
of  concrete.     Also  the  dome  of  the  Pantheon  at  Rome,  142  ft.  diameter, 

BeloK  is  concrete  where  cement  takes  the  place  of  lime.  In  building 
the  harbor  at  Cherbourg,  in  France,  Beton  blocks  52  tons  weight,  dimen- 
sions 12  X  9  X  6  1-2(1.,  712  cubic  feet,  built  of  stone  and  cement,  mortar 
made  of  sand  3  and  cement  %.  These  blocks  at  nine  months  old  bore  a 
compressive  strength  of  113  tons,  nearly  equal  to  that  of  Portland  Stone. 

The  Mole,  at  Algiers,  Africa,  built  by  French  Engineers,  is  made  of 
blocks  of  Beton,  not  less  than  363  cubic  feet  each.  All  the  blocks  are  of 
the  same  form,  11' long,  6>i  ft.  wide  and  4  ft.  11"  high.  Coinfesition  oj 
Btioa  Mortar  is  made  of  lime  1,  Poziuolana  2,  makes  two  parts  of  mor- 
tar. Beton  is  composed  of  mortar  I,  stone  2.  The  stones  are  broken  into 
pieces  of  about  \%  cubic  ft.  each.  Weight  per  cubic  foot  of  this  Belon 
=  137  lbs. 

An  adjustable  frame  is  made  so  as  to  be  removable  when  the  block  is 
dry,  the  bottom  is  covered  with  two  inches  of  sand  and  the  sides  of  (he 
frame  lined  with  canvass  to  prevent  their  being  washed.  They  are  cast  in 
making  a  slope  on  the  outside  1  to  1,  and  on  the  land  side  %  to  1.  The 
blocks  are  put  on  small  wheeled  trucks  and  moved  on  a  tramway  to  an 
incUned  float,  where  it  is  lowered  to  a  depth  in  water  of  3  ft.  3  inches,  and 
placed  by  chains  between  two  pontoons  and  floated  to  the  required  place 
in  the  Mole 

310i8  The  non  is  heated  to  the  tempeiatute  of  iieltiiii,  Ict  1  ((■10° 
Fabr  )    then  boded  m  coal  tar 

Where  the  iron  is  to  be  pi  nted  with  other  patt,  of  the  structure  the 
iron  IS  heated  as  abo\e  and  brushed  o^er  with  linseed  oil — this  forms 
a  good  primng  coat  ftr  future  coats  of  paint  C.alvaniiing  with  imc 
is  not  successful  beng  acted  on  by  the  ac  d  impuiUies  found  in  cities, 
towns  and  places  exposed  to  the  sea   or  sei  air 

Steel  hardened  m  oil  is  increased  in  strength —Ai'^i/^y 
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310-'»  Rev  H  Heigbton,  England,  uses  at  his  works,  Mount  Sorrel 
and  Giierniej  granite  refuse  of  quarries,  broken  into  small  fragments  and 
mtied  with  one  fourth  its  bulk  of  granile  and  water,  to  make  the  whole 
into  a  thick  i  ast  hi  j  t  t  11  1  d  m  Id  h  t  II  ed 
to  stand  for  f  h       d  y  1 1    h  1  1  fi  d       Aft      this, 

It  IS  placed  It         fit      fsodft       dj      f      whhit 

IS  ready  for  H     k     p    th        I      t       f    od       n  I  nk        h    h  t* 

t       Is,  th 


the  bath       Th    1 
caustic  soda  Iree 

contiining  it       This   t 


th 


f 


f  1 


The 


wh    h    ga     d       I       f  csh    1  ca  f   m  th  als 

1  flags  of  2  inches  thick,  serves  for  flagging.  It 
IS  made  mlo  bloi-ks  for  paving,  is  impervious  to  rain  and  frost.  Mr. 
Kirk-Jdy  has  found  the  crushing  weight  to  be  6441  tbs.  per  square  inch 
—Aberdeen  granite  being  7770,  Bath  stone,  1244,  Portland  stone,  2426. 

il(hiO  SaHi'in's  MelAodia  prevent  the  decay  of  stone,  and  when  dried 
then  apply  t  solution  of  phosphate  of  lime,  then  a  solution  of  baryta,  and 
lastly,  a  solution  of  silicate  of  potash,  rendered  neulra!  by  Graham's  sys- 
tem of  dialysis — this  is  Frederick  Hansom's  process.  With  Mr.  Ransom, 
of  Ipswich,  Enghind,  in  1840  and  1841,  we  have  spent  many  happy  hours 
in  constructing  equations,  etc.  The  above  process,  by  Mr.  Ransom  sets 
the  opposing  elements  at  defiance.  Ransom  dissolves  flint  in  caustic  soda, 
adds  ilry  sihcious  sand  and  lime-stone  in  pouder  forms  the  paste  into  the 
desired  forms,  and  hardens  it  in  a  bath  of  a  solution  of  chloride  of  cal- 
cium, or  wash  it  by  means  of  a  hose. 

Mike  blocks  of  concrete  with  hydraulic  cement  When  well  dried, 
immerse  in  a  hath  of  silicate  of  potash  or  ^oda,  in  ahich  bath  let  there 
be  silica  free  or  in  excess.  Here  the  lime  in  the  block  lakes  the  alkali, 
leaiing  the  latter  free  to  act  again  on  the  e>.ce  s  of  silita  and  so  pro- 
ceed till  the  block  is  an  insoluble  silicate  of  lime  known  is  the  silicaled 
concrete,  or  Victoria  stone,  of  which  pavements  haie  been  made  and 
laid  in  the  busiest  part  of  London ;  also,  as  above  stated  enormous  build- 
ings, such  as  the  new  laareAnuses,  27  South  Mary  Ave,,  London. 

Silicate  of  Pvtash  is  composed  of  45  Itis.  quarti,  30  Its.  potash,  and  Jt 
IBs.  of  charcoal  in  powder. 

Silicnlt  of  Soda  —  Quart!  45,  soda  23  charcoal  3  These  are  fused, 
pulverized,  and  dissolved  in  wat 

This  silica  absorbs  carbonic       d 
stopped  from  air.      The  sireiig  h  m      d  h  dry 

powder — 40  degrees  means  40  o    d      p      d  0 

In  applying  this,  begin  with  a  w    k  m  d  g 

One  pound  of  the  silica  to  five  p  n  w 

is  not  to  be  applied  to  newly-p         d      rf 

Mortar  and  lime  stones  ultiin  P     d  m 

If  the  surface  is  coaled  with  n  h      d  m     h 

chlorine  will  combine  with  the  sdm        gh  b  hdf 

sodium,  and  there  remains  on  the  surface  silicate  of  lime,  which  is  highly 
insoluble.      The  surface  is  washed  with  cold  water,  to  remove  the  chloride 

When  applied  to  stone  or  brick,  add  3  parts  of  rain-water  to  a  silicate- 
of  33  degrees.  A  final  coating  of  paint,  rubbed  up  with  "ilnate  of  soda, 
will  render  the  surface  so  as  to  be  easily  cleaneil  with  soap  and  water 
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Ash,  English,        .         - 

760 

2022 

Barlow. 

.1     African,  ■ 

985 

170! 

2484 

Nelson. 

ip     American,    - 

611 

1550 

'1     White,  „     seasoned, 

642 

2041 

Lieiil.  Denison. 

M     Black,    „      - 

533 

8361 

,  Elra,  English,  -        -        . 

605 

551 

Nelson. 

703 

1377 

1966 

fi85 

1265 

1819 

Denison, 

ii     Rock,  seasoned,  ■ 

752 

2312 

..         1.      green,   . 

746 

2049 

Hickory,  American,      - 

838 

1857 

1332 

Iron-wood,  American, 

879 

1800 

Butternut,  green. 

772 

1387 

Oak,  American,  mean  of  11, 

1034 

1000+ 

1806 

„     Live,        -         -        . 

1120 

1041 

1513 

Pme,  White,  mean  of  6,  - 

453 

966 

1456 

Ti     North  of  Europe, 

587 

1387 

Moore, 

..     Red,  West  Indies,  - 

1799 

Young. 

621 

1292 

1944 

Nelson. 

Hemlocic,     - 
Larch,  ticolch. 

911 
480 

1142 
1193 

Chatham,  England. 

■Coudie,  New  Zealand 

550 

1873 

Bullet  tree.  West  todies,  - 
■Green-heart, 

1075 
1006 

2733 
2471 

Young. 

Xakarally, 

1223 

2379 

Ydlow-wood,  mean  of  3, 

926 

2103 

Wallabia,         :        .        . 

1147 

1643 

Lancewood,  South  African, 

mean  of  4,    -        - 

1066 

1167 

2305    Nelson. 

'' 

Teak,  mean  of  9, 

719 

1292 

1898 
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BEAMS   AND    PILLARS.  72b12S 

Let  /  =  length,  b  =  breadth,  rf  =  depth,  W  =  breaking  weight,  loaded 
at  the  centre,  S  =  transverse  strain  acting  perpendicularly  to  the  fibres. 
/,  i,  and  rf  in  inches— W  and  S  in  pounds. 
/W  iid^S 

S  =  -— —        W  = — 

4A>i^  t 

W  /  W  / 


SlfclS.      Let  It/  =  the  weight  which  wonld  cmsh  a  cube  of  fir  or  oak. 
Wlienheight  =  12  times  the  thickness  of  the  shorter  side,  the  face  =  0.833a- 

asooa- 

0.334II' 

.1  .      .1  o-ieew 

0.0833- 

0.042IW 

L      Esample.      A  white  pine  pillar  24  ft.  long,  12  inches  wide  and  6 
inches  thick.     Required  the  breaking  weight. 

From  Sec.  3107.     The  crushing  weight  of  while  deal  =  7293 

72  ^  12  X  6 
Length  =  48  times  the  shorter  side.  5250% 

.166=  >^ 


87,516  lbs. 
Rondelet  =  39.07  tons. 
aiOi-M.      HodgkinsotC  s  formula  for  long  square  pillars  viore  than  Ihiriy 
times  Ike  side — 

(*"=  breaking  weight    in   tons,  /=  length   in   feet,    i/ =  breadth  in 

Note.     With  the  same  materials  a  sqnare  column  is  the  strongest,  the 
timber  in  all  eases  being  dry. 
d4 
W  =  10.95  -jj-  for  Dantzic  oak. 

d* 
W  =  6.2  -j^  for  American  red  oak.* 

di 
W  =  6,8 -jT"  for  red  pine. 

d4 
W  =  6.9y7  French  oak. 

W=_12.4^  for  Teak.* 

Note.     These  marked  •  are  put  in  from  the  values  of  C.     Sec  319v6, 

31ttol5.  Brerelim's  experiments  an  pine  timber.  For  pieces  12  inches 
square  and  20  feel  long,  he  finds  the  breaking  weight  in  tons  120,  for  20, 
30  and  40  ft.,  he  finds  115,  90,  and  80  Ions  respectively.  Sianey  says  "this 
is  the  most  useful  rule  published,"  and  gives  a  table  calculated  from  Brere- 
ton's  curve  to  every  five  feet. 

Ratio  of  length  to  the  least  breadth,  10,  15,  20,  25,  30,  35,  40,  45,  50. 

Corresponding  breaking  wt.  in  tons  per  sq.  ft.  of  section,  120,  118,  115, 
120,  90,  89,  80,  77,  75. 

2,      Example.     White  pine  pillar  24'  ft.  by  12"  x   16". 

Ratio  24  ft.  to  6  in.  =  1-48  tabular  number  for  50  =  75  and  for 
65  -  77  .  ■.  or  therefore  for  48  =  75,8. 
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ByHodgkinson  least  side  6"  in  the  fourth  power  1296 
which  multiply  by  the  coefft  for  red  deal     7.8 

10108.8 

Divide  by  the  square  of  Ihe  leiiijth  in  feet  G7C  and  the  quotient  will  be 
for  red  pine  and  6  inches  square  17,55  tons. 

As6":17.55:!l2"  =  ror  12"  x  C"  =  35.10  tons. 

The  crushing  weight  of  while  deal  =  7293  lbs.  and  of  red  deal  6586, 
that  is  while  deal  is  1. 11  times  that  of  red  =35.1  y.  HI  =  38,96  tons. 
Hodekinson's. 

Safe  load  in  structures,  includes  weight  of  structure. 

Stone  and  brick  one-eiyhth  the  crushing  weijiht. 

Weod  one-tenth.  Cast  iron  columns,  wrought  iron  slruciures  and  cast 
iron  girders  for  tanks  each  one-fourth,  and  for  bridges  and  floors  one-sixth, 
A  dense  crowd,  120  lbs.  i^ev  sq.  ft.  For  flooring  Iji  to  2  cwt.  per  sq.  ft., 
exclusive  of  the  weight  of  the  floor. 

310!'10.  The  strength  of  cast  iron  beams  are  to  one  another  as  the 
areas  of  their  bolt'.m  flanges,  and  nearly  in  proportion  to  their  depths. 

W  =  — J —  ^^  theoretical  weight,  which  is  from  4  to  C  times  the  weight 
to  be  sustained.  Here  W  =  breaking  weight  in  tons  placed  on  the  mid- 
dle of  the  beam,  c  and  a  constant  multipliers  derived  from  experiments. 
One-sixth  the  breaking  weight  where  there  is  rolling  or  vibration  and  one- 
fourth  where  stationary  and  quiet,  generally  talien  at  26.  a  =  sectional 
area  of  the  bottom  flange,  taken  in  the  middle,  d  —  depth  of  beam  = 
g  a  (fig.  81)  *  =  length  between  the  supports. 

Tkt  strongest  form,  according  to  Hodgkmson,  is  where  the  area  of  the 
lower  flange  is  six  times  that  of  the  upper  flange. 

Fail-barn's  form  is  shown  in  fig,  81,  where  it  i/  =  1,  n  /'  —  3.5,  a;,'  =  4, 
.a^  =  0.42,  «/=  0.20  and  i\t  =  0.25, 

Area  of  bottom  flange  =  1.05  and  of  top  one  =  0.20.  Here  we  have 
,the  bottom  flange  area  =  5^  times  that  of  the  top. 

Mr.  Fairbam  says,  at  page  32  of  his  treatise,  that  "a  beam  made  in 
the  above  form,  loill  be  safer  wiliout  truss,  bars,  or  rods  than  laith  thfm." 

At  p^e  65,  he  shows  that  the  advantage  of  a  truss  beam  is  but  two- 
thirds  of  that  of  the  simple  beam  as  determined  by  experiments. 

310r/l7.      To  calculate  the  strenglh  of  a  truss  beam,  dimensions  in  inches. 
(26a-l-3ai  ),d 

W  = aj ^  tons.     Here  if  —  safe  weight,  a  =  area  of  bottom 

flange,  and  b  =  area  of  the  truss  rods,  /  =  the  distance  between  the  points 
of  support,  and  d  =  depth  of  the  cast  metal  beam.  At  p.  51,  he  states 
<hat  when  the  broad  flange  is  uppermost  its  strength  is  100,  and  when  un- 
dermost its  strength  is  173. 

Note  A.  There  are  various  causes  which  render  cast  iron  beams  unsafe 
for  bridges,  ware-houses,  and  factories.  The  wrought  iron  beams  ate  lighter, 
easier  handled  in  building,  stronger,  and  cheaper  than  cast  iron,  and  are 
only  aboi)t  two-fifths  the  weight  of  cast  iron  beams  of  the  same  strength. 

Note  B.  By  comparing  thirty  principal  American  trussed  bridges,  we 
find  that  their  depth  is  about  one-eighth  their  span,  ranging  from  one-fifth 
to  one-tenth. 
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CAST'IRON    PILLARS.  72b127 

31tel8.      Wroughl  iros  biams. 

Note  C.  The  bax-beant  (fig.  82]  is  the  slrongest  form,  weight  for 
weight,  best  beam  (fig.  83)  on  account  of  its  simple  construction,  faciiity 
of  painting;  it  is  recommended  by  Fairbarn,  who  says  tliat  "taking  the 
strength  of  a  box  beam  (fig.  82)  at  1,  that  in  the  form  of  Tig.  83  would 
be  0.93,  each  of  equal  weight.  Beams  lilfe  Fig.  83  can  be  made  for  build- 
ings 60  ft.  wide  without  columns,  and  will)  one  row  of  columns  they  may 
be  22  inches  deep  and  5-16  inches  thick,  with  angle  iron  rivetted. 

Let  W  =  breaking  weight  in  tons,  rf  =  22"  =  depth  of  beam,  a  area 
of  the  bottom  flange,  /  distances  between  the  supports  in  inches  =  360 
adc 
W  =--■  -J-        Here  =  constant  =  75  and  a  =  C" 


ions  distributed.  Fairliarn  gives  the  weight  of  this  beam  equal  io  40  cwt. 
and  that  of  wrought  iron,  having  the  same  strength,  equal  to  l(i  cwt.  1  qr. 
and  14  lbs. 

D3.5 
310:'19.     W  =  m  j-^  tons,      W  =  breaking  weight  in  tons.     D  = 

external  and  d  =  internal  diameters  in  inches,  and  h  =  length  in  feet. 

Hodgkinson  gives  a  mean  value  of  13  irons  =  4.6. 

To  find  [)  in  the  power  3|J.      Find  the  It^arithm  of  D.      Multiply  it 
by  3X  and  ^^^  the  natural  number  corresponding  to  it. 
Ill.,'i 

W  =  42.fi' 77^  tons.      The  thickness  of  metal  in  a  hollow  pillar  is 

usually  taken  at  one-twelfth  its  diameter.  Assuming  the  strength  of  a, 
round  pillar  at  100,  then  a  square  pillar  with  the  same  amount  of  material 
=  93,  a  triangular  pillar  with  the  same  amount  of  material  —  110. 

3Kto20.     Gm-don's  rttk  is  considered  the  best  formula. 

■D  _.  fS  ,„  Here  P  =  breaking  weight  in  lbs.,  S  =  sectional  area, 
1  +a— .  /  —  length,  and  h  =  the  least  external  diameter  on 
the  least  side  of  a  reclangiUar  pillar,  /and  a  =  con- 
stants.    (All  in  inches.; 

For  Wroughl  iron,  f  =  36,000  and  a  =  .00033. 

II       Cast  iron,  f  =  80,000  and  a  -  .0025 

ri      Timber,  f=    7,200and  a  =  .004. 

Example  1.  Let  length  =  ;  =  14.  Diameter  =  /;  =  8  inches  of  a  tim- 
ber pillar  or  column. 

Sectional  area  =  50,205  multiplied  by  the  value  of  /  -=  72,000  gives 
361908  =/S. 

14x12x14x12  /* 


y^-.  This  multiplied  by  .004  =  1,344  and 
1  +  1,344  =  2.344  =  the  denominator  inthe  formula,  which  divided  into 
361908,  gives  the  value  of  P  -=  154,397  lbs. 

The  safe  weight  to  be  taken  at  one-sixth  to  one-eighth  for  permanent 
loads  and  one-third  to  one-fourlh  for  temporary  loads. 

3l0w.  We  are  to  find  the  weight  of  the  proposed  wall  with  the  pres- 
sure of  thereof  thereon,  and  prepare  a  foundation  to  support  eight  times  this 
weight  on  rock  foundation,  and  in  hard  clay  the  safe  load  may  be  taken 
from  17  to  23  lbs.  per  square  inch.     In  Chicago,  on  blue  clay  the  weight  is 
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D  ROOFS  OF  BUILDINGS. 


taken  at  20  fts.  per  square  inch.  The  foundation  must  be  beyond  the 
influence  of  frost  at  its  greatest  known  depth. 

aiOwI.  Deflh  of  foundation.  Let  P  =  pressure  per  lineal  foot  of  the 
wall,  w  =  weight  of  one  cubic  fool  of  (he  load  to  be  supported.  W  = 
weight  of  one  cubic  foot  of  masonry.  /  =  friction  of  masonry  onareiila- 
ceous  soil,  d  -  the  required  depth  of  thj  foundation,  a  =  the  comple- 
ment of  the  angle  of  repose. 

Let  ns  take  /=  0.30  which  is  the  friction  of  a  wsll  on  areillaeeous  soil. 
./=L4lan-|-     j -^  j  X     (SeeFig.Tl.l 
Example.     A  dam  has  to  sustain  water  4  metres  high.     The  specific 
weight  of  masonry  =  2000  and  that  of  water  is  =  iOOO.      Let  t  =--  thick- 
ness at  top  of  wall  and  T  -  thickness  at  the  bottom. 

/  =  0,865x4    /J«^^  2  44  metres 
V  2000         •'"'"^t'^es. 

Weight  of  one  lineal  metre  -  4  x  2.44  !<  2000  =  19-,20  kilo-tame^ 
Frietion-/=  19520  x  0,30  =  5856 
h2 
Pressure  P  =  1000  x    -5-=  1000  x  8  =  7000 

and  8000  -  5850  ,=  p  -y  =  2144. 

Taking  the  complement  of  the  angle  of  repose  =  60°  «  a 

/=  tanof  half  «  tang  30°  =  0.578,  then  from  the  above  formula 
rf=l,4  X  0.578  ^  2000  ^^■^^^'"^t''«^'''«™1i'fed  depth  of  foundation. 

The  footing  is  to  be  equal  to  the  thickness  of  the  wall  at  base-  that  is 
the  base  of  footing  will  be  twice  as  wide  as  the  wall,  and  diminish 'in  regu- 
lar offsets.  ° 

The  foundation  pf  .St.  Peter's,  in  Rome,  are  built  on  frustums  of  pyra- 
mids connected  by  inverted  arches. 

310w2.  The  area  of  the  base  of  footing  must  be  in  proportion  (0  the 
weight  to  be  carried.  It  is  usual  to  have  one  square  foot  of  base  for  every 
two  tons  weight.  In  Chicago,  where  clay  rests  on  sand,  the  bearing 
weight  IS  taken  at  20  Its.  per  square  inch,  but  there  are  buildings  where 
the  weight  is  greater,  in  some  cases  as  high  as  34  lbs. 

Mr.  Bau^,an,  in  a  small  practical  treatise  on  Isolated  Piers,  makes  the 
offsets  for  Rubble  masonry  4  inches  per  foot  in  height.  For  concrete  3 
inches.  For  dimension  stone  about  the  thickness  of  the  stone,  but  his 
plan  shows  the  offsets  for  dimension  stone  lo  be  four-fifths  of  the  height, 
and  the  height  =  to  1-2  the  width  at  the  lowest  course  of  dimension  stone. 

310\v3-      Let  /,  //  and  t  represent  the  width,  height  and  thickness  re- 
spectively in  French  metres, 
_  2/+^ 
'  ~     48     ""  minimum  thickness  for  outer  walls. 

48  "^"^  °^  double  buildings  or  of  two  stories. 

l,+k, 
'  =      gg      for  partition  wall^. 

Example.     A  building  having  a  basement  story  5  metres  high,  1st  story 
^  2  50  met.  high,  and  the  2d  story  =  2,50  met.  high. 
/=  width  =  II  metres. 
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in  France;  finds 

I  =  — 75 —  =  0.44  for  basement, 

11  +  5 
/  =  — 48~  =  O.Xl  for  Ut  story. 

^  ll  +  g-5  ^  0,28  for  2nd  story.  These  are  from  Ci.iit'  ,/i  Me- 
ibanique  Practique,  by  Armegaud. 

3I0vv4.     Roitdelet  says  Che  thickness  of  isolated  walls  ought  to  be  fi'om 
one-eleventh  to  one-sixteenth  of  their  height,  and  walls  of  bnildingis  not 
less  than  one-twenly-fouith  the  distance  of  their  extreme  length.    He  gives 
the  following  table; 
Kind  of  Building,         Outer  Walls.         Middle  Walls,         Partitions, 

Odd  houses,  0.41  to  0.65 

I^rge  buildings,  0.65  to  0,95 

Great  edifices,  1.30  to  2.30 

Rcnddet  esamined  280  buildings,  wi 
/  -  1-24  of  the  width  in  tlie  clear. 

;llOw5.  Thickness  of  -.falls  by  Gwi/I.  To  the  depth  add  lialf  the 
height  and  divide  the  sum  by  24.  Tlie  quotient  is  the  thickness  of  ihe 
wall,  lo  which  he  adds  one  or  two  inches. 

For  Partitions,  he  says; — To  their  distance  apart  add  one-half  the  height 
of  the  story  and  divide  by  30  will  give  /.  To  this  add  ^  inch  for  each 
story  above  the  ground. 

310w6,  To  connect  Stones.  Iron  clamps  are  put  in  red  hot  and  hlled 
up  with  asphalt.  Thi,s  protects  the  iron  forever.  Where  the  clauips  are 
fastened  with  lead,  the  iron  and  lead  in  the  coni'se  of  time,  decompose  one 

Duals  of  wood  dove-tailed  2  inches  square,  have  been  foiiml  perfect,  im- 
bedded ill  stones  as  clamps,  after  being  4000  years  in  use.  In  large, 
heavy  buildings,  pieces  of  sheet  lead  are  ptit  in  the  corners  and  middle  of 
the  stones  to  prevent  their  fiisking. 

3]0w7.  Molesworlh  &  Hurst,  of  England,  in  their  excellent  hand-books, 
have  given  valuable  tables  on  tvalls  of  buildings.  From  these  and  other 
reliable  English  sources  we  find — 

First-class  houses,  85  ft.  high,  sis  stories.  The  ground  and  first  story  are 
each  one-forty-seventh  of  the  total  height. 

The  2d,  3d,  and  4th  stories  are  each  6  inches  less;  the  5ih  and  6th 
stories  are  each  4Ji  inches  less  than  the  latter. 

Second-class,  70  ft.  high.  'I  he  ground,  Ist  and  2il  stories  are  each  one- 
fifty-fourth  of  the  total  height,  and  4th  and  5th  stories,  each  6%  inches 
less  than  these. 

Third-class,  52  ft,  high.  The  ground  floor  is  1-40  of  the  total  height, 
and  the  1st,  2d,  3il,  and  4th  stories  are  ^%  inches  less  than  these. 

Frmrlk-ciass,  38  ft.  high.  The  ground  and  first  stories  are  one-thirty- 
fifth  of  the  total  height,  and  2d  and  3d  stori^  are  A%  in.  less  than  these. 

When  the  wall  is  more  than  70  ft,  long,  add  one-half  brick  [d'/i  inches) 
to  the  lower  stories. 

The  footing  is  double  the  thickness  of  the  wall,  and  also  double  the 
height  of  the  footing,  laid  off  in  regular  offsets.     The  bases  must  be  level. 

310w8.  /h  .  Chicago,  there  is  the  following  ordinance,  strictly  enforced 
since  the  great  and  disastrous  fire  of  Oct,  9,  A,.]J.  1871,     Outside  walls 
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for  two  stories,  12  inches  thick.  If  more  than  two  stories  above  the  base- 
ment, the  basement  and  first  story  shall  not  be  )ess  than  16  inches,  and 
the  walls  above  the  second  story  not  less  than  12  inches,  and  with  the  ex- 
ception of  the  front  walls  the  others  wii!  extend  at  least  12  inches  above 
the  roof.     For  dwelling-houses  the  above  may  be  reduced  4  inches. 

In  all  buildings  over  25  ft.  in  width,  and  having  no  partitions  or  girders 
supported  by  columns  or  piers, 4  inches  must  be  added  for  every  additional 
10  ft.  in  widlb  of  said  building. 

310tt-9.  Chimneys.  That  of  the  Refining  Company,  in  Chicago,  is  151 
ft.  high,  12  ft.  square  at  base.  Two  courses  of  heavy  dimension  stones. 
Base  IG  it.  square.  Mortar  made  of  cement  and  roofing  gravel.  Pressure 
on  foundation  S4  lbs.  per  square  inch. 

The  MeCormkk  Reaper,  160  ft.  high,  14  ft.  square  at  base  of  column, 
which  is  circular.  It  is  25  ft.  square  at  the  ground.  Flue  6'  S"  diameter. 
Covers  an  area  of  625  square  ft.  Weighing  1 100  tons.  Pressure  24JiIbs, 
per  square  inch.     Built  on  hard,  dry  clay. 

TIu:  Tobaeeo  Chimney,  in  Paris,  is  29  metres  high.  Outer  diameter  at 
the  bottom  3.45  metres.  Inner  dia.  at  the  same  =  2. 15  metres.  At  the 
top  the  outer  dia.  =  1.30  and  the  inner  =  1.03  met.  This  bums  700 
kilogrames  of  coal,  which  gives  about  150  liorse  power.  Chimneys  in 
France  are  built  from  20  to  30  metres  high,  rarely  40  metres. 

M.  Darcft  rrxamniends  one  square  decimeter  lo  every  3  kilogrames  of 
coal  consumed  per  hour  =  0.64  horse  power. 

The  surface  for  the  grating  three  times  greater  than  that  for  the  chimney. 

Best  forms  in  order  are,  circular,  octagonal,  or  many  sided. 

Thickness  at  top  usually  one  brick  in  length. 

Thickness  at  top  0.11  to  0.22  metres,  and  putting  rf  =.inner  diameter 
and  lit  =  outer  diameter  at  top,  we  have  d  =  rf,  +  0.22  or  d  -^  0.44. 
And  putting  D  =  bottom  diameter  and  Di  =  outer  dia.  at  do.,  we  have 
H  =  height  and  wj  =  a  tabular  constant  for  slant  or  inclination.  Then 
D,  =  D  -^  2  Hm,  where  m  for  the  interior  is  taken  bet.  0,012  and  0.018 
and  for  the  outer  dia.  m  is  taken  at  0.025  to  0,035. 

Example.     H  =  60  metres,     d  =  0,60  =  interior  diam. 

Then  D  ^  d  +  2Hm  ^  0.60  +  120  x  0.015  =  2.40  metres  mean 

I' =  0.60  -I-  0.33  +  120  ^<  0.30  ^  4.53 tookmeanthick- 

Ckimney  at  St.  Rollox,  Glassciii,  455i  ft.  high,  and  435^  fl.  above  bottom 
of  the  base,  which  is  of  concrete,  6  ft.  thick.     Load  per  square  ft.  6720 

Chimmy  at  Muspralf s  Chemiial  IVaris,  St.  Helen's,  near  Liverpool,  is 
406  ft,  high. 

Chimney  at  West  Cumberland,  Harmetide  Iron  Works,  Base  of  con- 
crete 3  ft.  thick,  made  with  hydraulic  lime.  Height  above  ground,  250; 
total  height,  267  ft.  Pressure  at  a  section  2  ft.  above  the  ground.  Work- 
ing load  on  concrete  3  tons,  and  on  brickwork  8  tons. 

Chimney  at  Atkin^  Soap  Works,  near  Birmingham,  England,  Total 
height,  312  ft.     Brickwork.     Pressure  per  square  ft.  at  base,  6  tons. 

Skot-Tgviir,  Baltifnore.  Brickwork,  244  ft.  high.  Working  load  on 
base,  6J^  tons.     The  crushing  weight  =  4,8  times  the  working  load. 

UttUsi  Slates  Light  Heme,  160  ft.  high.  Brick.  Pressure,  3.7  tons. 
Crushing  weight  at  base  =  8^  times  the  working  or  safety  load. 
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Pressure  on  roof  foi  weight  of  ruof,  snoB,  and  pre-sure  of  the  wind, 
40  ft',  per  square,  weather  side,  and  20  ^s  on  the  olhei,  under  150  foot 
Span,  add  1  Bj   for  e\ery  addition-il  10  feet,  stonei    ')24 

Greatest  pressure  of  wind  observed  in  Gieit  Britani  «as  55  lbs.  per 
square  foot  =  0  382  Ihs    per  square  inch 

Slfcul  Tunnel'  —Within  brick ivork,  for  single  track,  20  feet  high,  15 
feet  wide  Double  track,  24  feet  high,  and  24  to  30  feet  wide.  For 
camik,  14  to  30  feet  high  and  14  to  30  feet  iiide 

Mimmum  tuiuiels,  41  by  3  feet  The  form  of  a  horse  shoe,  or  eliiptical, 
IS  generally  ailoptetl,  resting  on  an  ln^erled  arch,  evepting  that  directly 
under  the  side  walls,  which  is  horizontal  Shafts  are  -.unk  to  facilitate 
the  lifting  of  materials  ind  supplymg  fresh  air ,  they  ire  about  8  feet  in 
diameter  The  Mount  Cenis  tunnel  is  7  59  mries  long,  his  no  shaft, 
owing  to  Its  great  depth  below  (he  top  of  the  surface  At  each  end 
there  is  a  snmp  or  well,  to  collect  the  water  of  the  tunnel,  and  from 
which  It  is  lifted 

Some  are  made  bj  sinking  cist  iron  cjlmders  others  sleined  with  brick, 
those  of  iron  ought  to  be  preser(-ed  from  oxidation.     See  Sec.  310;^. 

In  sinking  a  shaft  lined  with  brickwork,  a  drum  curb,  made  of  oak 

timber,  mounted  with  bevelled  iron  to  enable  it  to  sink.      The  outer 

d'  m  t     '   th       m         Ih  t    f  th    b  '  k       k      Th    e        alon  is  made 

tally  as  low 

ng                       ed  The  sharp 

ed  lit  toad  of 

be  tc.    At  the 

Lo  on  a  drum 

2 

so    gi  St  of  brick- 


high    b   ng  p  p  ar  h  4  wide  and 

17  h  gh      h   k  h  1   eel,  sides  3 

feet  al  3  h  d  tl         g  m  planks  3 

inch       h    k  g   h      B  le  bine  resem- 

bling     m       m     mg  arm.      Cost 

^12  5s  per  cubic  foot  of  Its  bulk,  and  /1137  per  lineal  fool.  For  a 
full  account  of  this  great  feat  of  engineering,  see  Weal's  Quarterly  Papers 
on  Engineering. 

We  believe  the  mortar  made  by  the  ancients  was  mixed  with  blood  and 

J^om  the  Professhna!  Paper'  of  the  Rojal  Engii'h  En^iteers. 
310w2.      Concrete  of  lime  and  stones  »iii  not  concrete 
Godwin  gives  stones,  2,  sand,  1,  lime  sufficient  (o  mix  well,  then  add 
boiling  water.;  use  while  hot,  and  ram,  the  -tones  nut  larger  than  a  hen's 
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^gS-  Gravel  mean;  coarse,  gravel  5,  sand,  3.  SJ  buckets  oK  gravtl,  i 
bucket  of  lime,  and  -  bucket  of  boiling  waler^ready  for  use  in  2\  minutes,  ■ 

An  arch  of  concrete,  4  feet  thick,  was  found  to  be  bomb-proof,  at 
Woolwich,  England, 

310a>3.  /Aasak  Tumiil,  (fig.  83c),  has  shafts,  the  central  one  of  which 
is  1030  ft.  deep,  of  an  elliptical  form.  The  conjugate  diameter  across  the 
roadway  is  15  ft.,  and  the  transverse  along  the  road  27  ft.  There  are  otlier 
shafts,  some  6'  x  6',  Iff  >;  8',  and  13'  x  8'.  Where  the  shaft  is  not  in  rock, 
it  is  lined  on  one  side  ff  3"  to  2'  2",  and  on  the  other  side,  X  4"  to  1'  8". 
The  work  was  carried  on  the  same  as  Mount  Cenis,  using  the  Burleigh 
rock  drill,  mounted  on  two  carriages;  each  carrying  five  drills,  standing  on 
the  same  cross  section,  6  ft.  asunder.  The  explosives  used,  were  nitrogli- 
cerlne  in  hard  rock,  and  powder  in  other  places.  The  compressed  air,  at 
the  time  of  the  application,  was  63  lbs,  per  square  inch  which  was  2  lb. 
less,  due  to  its  passage  through  two  cast-iron  pipe  ea  h  8  n  h  n  diame- 
ter, through  which  fresh  air  was  supplied  to  the  km  n  Th  gangs 
of  men  worked  each  eight  hours  per  day,  excep   n 

Average  shafts,  26  ft.  liigh  and  26  ft.  at  wid       p  k  et  per 

month,  and  in  rock,  about  9  ft.  per  month. 

Tunnel  for  one  track  is  \Q  (t.  (xom  the  Xa-p  oi   he   a  h     n   idos  of 

the  crown,  and  widest  width  =;  18i  ft.  Thickness  of  the  arch  -  l'  10", 
horse  shoe  form, 

3l(h(4.  The  Box  Tunnel,  (Fig.  83a),  on  the  Great  Western  Railtoail, 
England,  (horse  shoe  form),  is  28  ft.  wide  at  the  top  of  Ihe  rail  and  24^  ft. 
high.     Thickness  of  arch  2'  3". 

At  13  ft.  above  the  rail,  width  is  .30  ft.  At  20  ft.  above  Ihe  rail,  width 
is  20  ft.  At  24J  ft.,  wklth  is  O,  Length  9600  ft.  in  clay  and  lime  stone. 
Shafts  at  about  every  1200  ft, 

310io5.  The  Sydenham  Tunnel,  (Fig.  83b),  On  the  London  and  Chat- 
ham Railroad,  England.  Length  6300  ft.  Five  shafts,  each  9  ft.  diame- 
ter. Thickness  of  arch  3  ft.  Width  at  level  of  rail  22J  ft.  At  5  ft,  above 
rail  24  ft.  At  10  =  23  ft.  At  IG  =  18  ft.  At  20i  ft-  met  under  part  of 
the  crown. 

3107f«.      Tunnel  for  one  irack.      (Fig.  83c.) 

310a/7.  ULASTINC,    ROCK. 

Let  P  —  lbs,  of  powder  requited  when  /  =  the  length  of  line  of  least 
resistance,  that  is,  to  the  nearest  distance  to  the  surface  of  the  rock  in  feet, 
which  should  not  exceed  half  the  depth  of  the  hole. 

P  ^'oT-  One  pound  of  powder  will  loosen  about  10,000  lbs,  of  rock. 
Mitroglyeerine  is  ten  times  as  powerful  as  powder,  bnt  extremely  dangerous. 
Ducdine  is  ten  times  as  powerful  as  powder.  GuH-eotlon  is  about  live  times 
that  of  powder.  Giant,  Rcndiock,  Herculian,  and  Neptune,  about  the 
same  as  nitroglicerlne.    Giant  powder  is  preferable,  but  is  more  expensive. 

In  small  blasts,  1  pound  of  powder  loosens  4 J  tons  of  rock;  and  in  large 
blasts,  it  loosens  2  3-5ths,  tons. 

It  is  usual  to  use  J  to  J  lb.  of  powder  for  ton  weight  of  stone  to  be  ce- 
inoved,  taking  advantage  of  the  veins  and  fissures  of  the  rock  in  sinking. 

A  man  in  one  day  will  drill  in  granite,  by  hammering,     100  to  200  in. 

I.         .r  ..  "  churning,         200  m 

lime  stone,  SOO  to  700  .. 
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3!(kp8.  Tlie  bottom  of  the  liole  may  be  widened  by  tlie  action.  Of 
one  pari  nitric  acid  added  to  three  parts  of  water.  See  Fig,  85,  which 
represents  a  copper  funnel  of  the  same  si;e  as  the  hole.  Inside  of  this  is  a 
lead  pipe  an  inch  in  diameter,  reaching  to  within  one  inch  of  the  ]]Ottom. 
About  the  outside  of  the  funnel  is  made  air-tight  at  the  surface  with  clay 
around  it.  At  g,  above  the  neck,  is  a  tilling  of  hemp.  The  acid  acting 
on  the  limestone  in  a  bore  of  2 i  inches,  will  remove  S5  lbs.  of  stone  in  four 
hours.  The  frothy  substance  of  the  dissolved  rock  will  pass  through  the 
copper  tube.  And  after  a  few  hours,  the  hole  is  cleaned  and  dried,  and 
made  ready  to  receive  the  powder. 

One  lb.  of  powder  occupies  30  cubic  inches  of  space,  fills  a  hole  1  inch 
in  diameter  and  38  inches  deep. 

As  tiie  square  of  1  incli  diameter  tilled  with  1  lb,  of  powder  is  to  38 
inches  in  depth,  so  is  the  square  of  any  other  diameter  to  the  depth  tilled 
with  I  lb,  of  powder.      See  Sir  yokn  Burgoyne's  Treatise  on  Blasting. 

Wiien  the  several  holes  are  chaigcd  they  are  connected  by  copper  wire^ 
with  a  battery  and  then  discharged. 

The  blowing  up  of  Hell  Gate,  by  Mr.  Newton,  h,  the  greatest  ca^e  of 
blasting  on  record. 

At  the  Chalk  Cliff,  near  Dover,  England,  400,000  cubic  yards  were  re- 
moved by  one  blast.  Length  of  face  removed,  300  feet.  Total  pounds  of 
powder,  18,500. 

310r('i).  Next  page  is  a  tabic  showing  several  bridges  built  by  eminent 
engineers,  giving  (heir  thickiwss  at  the  crovm  or  key  of  each,  as  actually 
existing,  and  the  calculated  thickness,  by  Levell's  formulas.  We  also  give 
Trautwine.  Ranhine  &  Hurst's  formulas.  M.  Levelle,  in  1855,  and  since, 
has  been  chief  engineer  of  Roads  and  Bridges  in  France.  We  believe  that 
all  surveyors  and  engineers  are  familiar  with  the  names  and  works  of 
Trautwine.     Kanltine  &  Hurst. 

C  —  thickness  of  the  crown,  r  =  radius  of  the  intrados.  k  ~  height  of 
the  arch,  s  =  half  span.  ;■  =  height  of  the  arch  to  the  intrados,  and  r 
=  the  radius  of  the  circle.     Then, 

2 J,  See  Euclid,  Book  III,  prop,  33,* 

S  +  10  S  +  32,809 

By  Levdle.     C  =      g^       for  French  meters,  --== -^ for  English  ft. 

By  Prof.  Rankiiie.  C  —  V  0.12r  for  a  single  arch  and  V0,17r  for  a 
series  of  arches. 

By  Trautwitu.      C  =  ,/lil^  +  0'2  feet  for  first-class  work. 

To  this  add  one-eighth  for  second-class  work,  and  one-fourth  for  brick 
or  fair  ruble  work.  ^^ 

By  Hurst.      C  =  0,3   ^  r   for  block  Slone  work, 
u       ri  C  =  0.4  ^'  r   for  brickwork  and  0.43  ^  r  for  rubble  work. 

S 

VI,  C  =  0.45  V  S     +T3  for  straight  arch  of  brick,  with  radi- 

ating joints. 

Mr.  Levelle  finds  his  formula  to  agree  with  a  large  number  of  arches 
now  built  from  spans  of  5  to  43  meters,  including  circular,  segments  of 
circles,  semicircular,  and  elipilical, 

*  If  two  lines  inlersect  one  anolher  in  a  circlt.  the  product  of  Itle  scgmenls  of  one  = 
<h?  product  or  rectangle  of  [he  others. 
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This  has  been  established  by  Mr.  Merj,  and  M: 
latter  a  Captain  of  Engineers. 

Mr,  LavelU,  from  Petit,  gives  for  semicircular  an 
ter,  i  =  thickness  of  the  arch  or  key  at  the  crown. 

When  (he  diameter  =  2,in00,  5,ni00,  lO-n.OO,  20m,00,  then 

t  =  (-^^^^)  =  0.40.  0.50,  0.C7,  1.00,  who'ic 
of  rupture  are  59°.    63°-    04°.  and  63°.,  frot 

Lavelle  adopts  G0°. 


tit,  of  Franc 
where  li  —  d 


iponding  a 
■ertieal  line 
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TELFORD'S  TABLE.— Highland  Bridges. 
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310x1.  Radius  of  CuRVAruRK.  Fig.  86— I^t  ABCI)  be  a  ciin-e  of 
hard  sulistance.  Wind  n  card  on  it  from  D  lo  A.  Take  hold  of  the  cord 
at  A  and  imwind  it,  deseribiny  the  oscilatory  carve  a,  1),  c,  d.  When  the 
coid  is  unwound  as  far  as  B  and  C,  etc.,  Ihe  [loint  or  end  A  will  arrive  at 
B,  C,  etc.,  and  the  line  BC  will  be  the  radius  of  curvature  to  the  |ioint  B, 
ajid  the  line  Cc  will  be  the  radius  of  curvature  to  the  point  C. 

The  curve  ABCD  may  be  made  on  thick  pasteboard,  and  drawn  on  a 
lai^e  scale,  by  which  mechanical  means  the  radius  of  curvature  can  be 
found  sufficiently  near. 

The  radius  of  curvature  of  a  circle  is  constant  at  every  point. 

3I0.'£2.      7>H«o«  is  the  radius  of  curvature  at  the  crown. 

310x3.  JVfi-s.  L.  B.  Albert!  says  piers  ought  not  to  be  more  than  one- 
fourth  or  less  than  one-fifth  the  span. 

The  pier  of  Blackfriar's  Bridge,  London,  is  about  one-lillh  the  span. 
The  pier  of  Westminster  Bridge,  London,  is  about  one-fourth  the  span. 
I'he  pier  at  Vicenza,  over  the  Bacchilione,  Pallailio,  makes  one-fifth  the 


's  generally  are  found  froi 
The  end  of  the  pier  against  the 


e-fouith  lo  one-seventh  of  the  span. 
;nt  is  pointed  and  sloped  on  top,  to 
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72b136  bkiduks, 

breik  the  current  nnd  floating  ice,  if  any.  Wlieii  the  angle  against  the 
current  is  ninety  degrees,  the  action  of  the  water  is  (he  least  possible,  and 
hair  the  force  is  taken  off. 

310x4.  -The  heramilal  thrust  of  any  semi-arc.  Fig.  87,  AEKU.  By 
section  313,  find  G,  the  centre  of  gravity  of  said  arc,  or  hy  having  the  plan 
drawn  on  a  laige  scale — about  four  feet  to  one  inch — the  point  G  can  be 
found  sufficiently  near. 

Draw  OGM  at  right  angles  to  AQ,  and  draw  DO  parallel  to  AQ. 
We  find  the  area  A,  of  AEKD.  We  have  A  M  from  construction,  and 
OM  -=  QD  =  rise  at  the  arch,  and  AQ  =  one-half  the  span,  and  the 
height  of  the  pier,  XV,  lo  find  the  thi.kness  of  FE  =  BL.  We  have 
OM  :AM;;A:T.  etjual  to  its  thrust  in  direction  of  AH  on  the  pier.  We 
have  iaken  the  area  A  lo  be  in  proportion  to  the  weight,  and  make  the 
pier  to  resist  three  times  the  thrust,  T.  This  fourth  lertn  F,  will  he  the 
surface  of  the  pier  BEFL,  whose  height.  XY,  is  given.  Therefore, 
3'r 

Tlikkiitss  oflhepiereut  o/mitcr.  =j^y 

Let  AQ  =  28,  MO  =  18,  AM  =  9,  A  ^  270,  and  XV  ---  30, 

18  :  a  i:270  :  135  =  T  =  thrust  on  the  pier  at  T: 

The  pier  30  feet  high   is  lo  sustain  for  safety  three  lime^  13ri  --  405 
405 
-5^  =^  13.5  ft.  "■-  IJL,  the  rei|iiired  Ihickness. 

310x5.     The  thrust  to  o\-eniim  the  pier  about  the  point  L, 
/2AM  >c  A  «  CB\K 

■  "■  ^'-  =  \  omkei!  ;   ^  ^''"^""'"'^  "^  "•  <'■■>'  p'"- 


/_7AM^A^GB_    -^  . 


IS  liefore,  three  times  the  area  of  AEKD. 

Ill  circular  and  elliptical  arches,  we  take  AB  =  diameter  for  circular, 
and  transverse  axis  fur  elliptical;  CD  for  rise  or  versed  sine  in  the  circular, 
and  the  confugate  diameter  in  elliptical,  and  DQ  for  the  generating  circle 
of  the  cycloid.  DP  ~-  abscessa,  and  I'C  its  corresponding  ordinate  to 
any  ]joint,  C,  in  the  curves. 

Having  determined  on  the  span  and  rise  of  the  arch,  and  the  thickness, 
DK,  at  the  crown,  we  find  the  height,  CI,  at  the  point  C,  corresponding 
to  the  horizontal  line,  PC,  an  ordinate  lo  ihe  abscissa  DP.  .See  the 
above  figure. 

DKxDQi 

CI  = pqT^     lor  the  cnele, 

DKxDOi 
CI  ^-  PQ3  Kor  the  ellipse  -  same  as  for  the  circle, 

DKxDQ' 
•-'  "  (DQ-bP)='    JorlhecycloLd. 
DKx(C  +  DP) 

CI  =  c~      ^'°'  ^^  ="t™3ry. 

Here  C  is  the  tension  or  radius  of  curvature  at  D. 
The  above  three  forms  are  practicable.      S 
the  parabolic  arch  is  used. 

CI  =  DK  for  every  point,  C,  in  a  parabola. 
In  all  cases,  CI  is  at  right  angles  to  the  line 
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.  Gwilt,  in  his  work  on  the  equilibrium  of  arches,  says:  "  Tlie  parabola 
may  be  used  with  advantage  where  great  weights  are  required  to  be  dis- 
charged from  the  weakest  part  of  an  edifice,  as  in  warehouses,  but  the 
scantiness  of  the  haunches  renders  them  unfit  for  bridges." 

310x6.    Tick  Catenarian  Is  '  

in  the  side  of  a  wall  or  uprigl 
required  span  BA.  From  the  ■ 
DQ  equal  to  the  rise  of  Ihe  arch 
point  to  ADB,  and  we  have  I 
any  abscissa  and  corresponding  o 
the  exlrados. 

TO    I-IM5    Till,     1I...>,MU,-,    Al     MJ. 

310x7.     Let  c  -=  tension  constantly  at  the  verles, 

KfJ  =^  thickness  of  the  arch  at  crown  =  n. 

DP  ~  any  abscissa  x,  and  PC  —  y,  its  corresponding  ordinate. 
X       /  r  Sj-=  691.V*  23851J*  \ 

*^  =  2  H^+  0,3333-  45^  +  3^gg^  -  463eooj,.  &c,  ;  This  .s 
Dr.  riulton's  formula,  excepting  that  the  parenthesis,  is  erroneously  omitted. 
C  ^   ■'    ^  (^  +  0-3333  -  0'1778  ~  +  0-1828  '-^  -  0-052G  -j  &c.   ) 

Example  given  by  Huttoii.     Lei  DQ  =  40  =  .r,  and  one-half  the  span 
AQ  -  50  :^  )'. 

Here  the  tension  C  =  20  s  |r5625  +  03333  -  01137  +  0-0749 
-0:0138,  &c.)    That  is  C  =  20  x  1*8432=     36-864,  as  given  by  Hutton. 


Fig.  90.     

310.\S.      Produce  QD  to  P  tnaking  OP  =  CO  x  \2c  +  DO  +  DO' . 

Join  PC,  which  will  be  the  tanj;ent  to  the  point  C.  From  the  point  C, 
draw  CW  al  right  angles  to  AP.  And  make  As  .-:.-  +  DO  ::  e  +  DO  : 
CR  =   Rad.  of  curvature. 

When  [he  abscessa  DO  =o;C  :i;;;c:CR  =  c.  Hence  the  tension  at 
the  lowest  point  D  is  equal  to  the  radius  of  curvature. 

Let  the  span  =  100  and  rise  =  40  feet,  then  radius  of  curvature 
for  a  segment  of  a  circle  =  51.25  —  radius  of  curvature. 

«     Parabola,  =  30.125 

ii     Ellipsis,  =  62.S 

•<     Catenary,  =  36.864 

The  strength  of  the  Parabola  at  the  crown  is  to  the  above  figures  as  the 
rad.  of  curvature  of  the  other  figures,  to  that  of  the  parabola;  hence  the 
strength  of  the  parabola  is  2. 1  times  that  of  the  ellipsis,  and  P:C  ;:  36.864 
:  30.129. 

Parabola  is  1.22  as  strong  as  the  Catanerian, 

To  find  the  exlrados  fo  tin  point  C.  Whose  abscissa  DO  =  x  and  ordi- 
nate CO  =  J-  are  given.      Fig.  90. 

Let  KD  =  n  and  DO  =  :t  and  CO  =  y  as  above.     Then  from  Hutton; 


DO  :KV::   always  as  ,^  :  f-rt. 

The  estrados  will  be  a  straight  line  when  n  =  f,  the  te 
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In  the  above  example,  where  we  have  found  c  =  36,864  feet  to  have 
the  extrados  a  straight  line,  would  require  a  =  KD,  to  be  nearly  37  feel. 

Assuming  the  same  span  100,  rise  =  ^,  and  putting  DK  =  6  feel,  the 
extrados  and  the  arch  will  be  as  figure  91.  This  arch  is  only  proper 
for  a  single  arch,  where  the  extrados  rises  considerably  from  the  springing 
to  the  top. 

AC  «  CB  is  given  =  a  =  J-span.  CD  =  h  =  height.  Figure  92. 
DE  =  distance  of  chain  to  the  lower  part  of  the  roadway  parameter,  K 
and  Many  points  in  the  curve,  from  which  we  are  to  find  the  suspension 
rods  KD  and  MP,  etc. 

CD-DE  CD-DE 

DK  =  —j-^    ■   X  IIK^'  +  and  —^ —  x  DM=  +  DP:  =  MP 

We  have  — ,  ,-.  ,  a  constant  quantity;.  Let  it  =  i;  and  divide  EG 
into  any  parts  as  Q,  P,  D,  R,  etc.  Then  the  length  of  the  rod  at  R  =  RS 
=  f  X  ER=  and  rod  QT  =  f  x  EQ'. 

310x9.  To  find  the  sectional  area  in  inches  of  any  rod,  as  DK,  and 
the  strain  in  pounds  on  it,  at  K. 

Let  W  =  weight  of  one  lineal  fool  of  the  roadway  when  loaded  with 
the  maximum  weight. 

Strain  on  /T.—Lel  2  '^  -  0.0003  be  divided  into  W,  it  will  give  the 
strain  in  pounds  on  K.     Let  this  strain  be  represented  by  S. 

Sectional  area  of  ths  rod  DK  =  H +0,000089.^  lbs, 
CD-DE 

DK  =      ^^.,       X  HK=  +  DE  =^  length  of  the  rod  DK. 

Let  W  =  weight  of  every  lineal  foot  of  roadway  and  its  maximum  load 
CD-DE 
thereon.     Strain  =  2  ■  ■  p^^.--    -  0.0003,  this  divided  into  W,  gives  the 

strain  on  the  lowest  point  D  of  the  chain. 

Sectional  area  of  chain  at  D  is  found  by  multiplying  the  last,  by  .0000893. 

Example.     Half  span  AC  =  200.      DE  =  2  feet,  wt.  of  one  lineal  fool 
of  road  =  500.     Horizontal  distance  HK  ^  100  ft.     CD  --=  40  ft. 
38  X 100=         380OD0 

■^o-^  =  2007^-=  LwTaoo  -  »■''  --  "■^'    '^'"'  ^-"^  +  -  "  "'^  - 

rodKD. 

(40-2)        3Sx2  76 

-  20Cn?200=  40000  ^-   40000  -=  ««'"'■  ^"''  ■0019-00003  =  0.0016. 

500 
And  -^j^  =  3, 125.000  lb.  lb.  ^^  strain  on  the  lowest  point  of  chain  at  B. 

And  31250000  y.  0.0000893  ==  279  square  inches  =  sec.  area  at  B. 

2  X  9J         19 

^Qjj-  ^  |Q(f  =  -0,190,  this  squared  +  0,02G1   +  1  ^  1.0262,  whose 

square  root  =  1.013,  which  x  by  3125000  =  31G3625  lbs.  strain  on  the 
point  K,  whidi  x  by  0.0000893  =  sectional  areic  =  283  square  inches  of 
chain  at  K.. 

Basis  here.     Took  one-sixth  the  load  for  coclficient  of  safety. 

A  bar  of  iron  12  feet  long  and  1  inch  square  weighs  3.3  Hi. 

The  tensile  strain  to  break  a  square  inch  of  wroiight-iron  is  taken  at 
6720  lb.,  the  iron  loaded  with  one-sixth  its  breaking  weight. 

On  bridges,  the  load  should  not  exceed  one-twentieth  of  the  weight  which 
would  crush  the  materials  in  the  arch  stones;  and  where  there  is  ^  heavy 
travel,  should  not  exceed  one-thirtieth. 
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310x10.  When  the  angle  at  the  point  of  an  ahulment  against  the  stream 
is  90  degrees,  Ihen  the  pressure  on  the  pier  is  but  one-half  what  it  would 
be  on  the  square  end.  The  longer  the  side  of  the  ttiangutar  end  of  the 
])ier  is  made  the  less  will  be  the  pressure.  I.«t  ABC  represent  the  trian- 
gular end  against  the  stream,  and  C  the  furthest  point  or  vertex.  Gmill 
says  "that  the  pressure  on  the  pier  is  inversely  proportional  lo  the  square 
of  the  side  AC,  or  BC,  and  that  the  angle  at  C  ought  not  to  be  made  too- 
acute,  lest  it  should  injure  navigation,  or  form  an  eddy  toward  the  pier, 
Ahitnients.  In  a  list  of  the  best  bridges,  we  find  the  abutment  at  the  top 
from  one-third  to  one-fifth  the  radius  of  curvature  at  the  crown  of  the  arch. 

Molesxvorlh  gives  the  following  concise  formula ; 

.     .  /  /^Ky  \%       3R 

T  =  thickness  of  abutments  =  (  6  R  +  Io~h/  J     ~  oh 

Here  R  =  rad.  at  crown  in  feet,  H  height  of  the  abutment  lo  springing 
in  feet,  for  arches  whose  key  does  not  exceed  three  feet  in  depth. 

Example.     R  ^  20  +  .  H  =  10. 

(120  ■¥  9)^  =  11.36  from  which  take  3,  will  give  the  abutments  with- 
out wing  walls  or  counterforts. 

Abatnients. — To  counteract  the  tendency  to  overturn  an  abutment,  let 
(he  arch  be  continued  (hrough  the  abutment  to  the  solid  foundation,  or  by 
building,  so  as  lo  form  a  horizontal  arch,  the  thrust  being  thrown  on  the 
wing  walls,  which  act  as  buttresses. 

sd. — By  joggling  the  courses  leather  with  bed  dowel  joules  ia  as  to 
render  the  whole  abutment  one  solid  mass. 

aiOtO.  'ITie  depth  of  the  voussoirs  must  be  sufficient  lo  include  the 
curve  of  equilibrium  between  the  intrados  and  estrados. 

The  voussoirs  to  increase  in  depth  from  the  key  to  the  spanging,  their 
joints  lo  be  at  right  angles  to  the  tangents  of  (heir  respective  inter.sections 
and  curve  of  equilibrium. 

The  carve  of  equilibrium  varies  with  the  span  and  height  of  the  arch 
::lones,  the  load  and  depth  of  voussoirs,  and  has  the  horizontal  thrust  the 

The  pressure  on  the  arch  stones  increase  from  the  crown  to  the  haunches. 
•iWxl.  SKEW  ARCHES. 

In  an  ordinary  rectangular  arch,  each  course  is  parallel  to  the  abutments, 
and  the  inclination  of  any  bed-joint  with  the  horizon  will  be  the  same  at 
every  part  of  it.  In  a  skew  arch  this  is  not  possible.  The  courses  must 
be  laid  as  nearly  as  possible  at  right  angles  lo  the  front  of  the  arch  and  at 
an  angle  with  the  abutments.  The  two  ends  of  any  course  will  then  be  at 
different  heights,  and  the  inclination  of  each  bed-joint  with  the  horizon 
will  increase  from  the  springing  lo  (he  crown,  causing  the  beds  to  be  wind- 
ing  surfaces  instead  of  a  series  of  planes,  as  in  the  rectangular  arch.  The 
™riation  in  the  inclination  of  the  bed-joints  is  called  the  thrust  of  the  beds, 
and  leads  to  many  different  problems  in  the  cutting.     See  Suet  on  Sie^tr 

310J-2.    Brooklyn  tower,  316  feet  high,  base  of  caisson,  102  x  IGS  feet. 

New  York  tower,  319  feet  high,  base  of  caisson,  102  x  178  feet. 

The  Victoria  Bridge,  at  Montreal.  7000  feel  long,  one  span,  330  feet 
and  fourteen  of  242  feet,  built  in  si*  years.  Cost,  $0,300,000,  Built  by 
Sir  Robert  Stephenson. 
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CoiicrtU  Bridges. ^-One  of  these  liuilt  by  Mr.  Jackson  in  the  County  of 
Cork,  Ireland,  is  of  cement,  one  pari  sand.  Clear  sharp  gravel,  six  to  eight 
yarts.  Kammed  stones  in  the  piers.  He  also  built  skew  bridges  of  the 
:iame  materials. 

Mr.  McClure  built  one  18  feet  span,  %)i  feet  rise,  and  Xyi  feet  thick  at 
the  key,  and  %%  feet  at  the  springing.  Built  in  ten  hours,  with  fifteen 
laborers  and  one  carpenter.  Piers  are  of  stone,  centre  not  removed  for 
two  months.  Proportions  of  materials  used ;  Portland  cement,  I,  sand, 
7  to  S,  40  per  cent  of  split  stone  can  be  safely  used  in  buildings,  and  25 
per  cent  in  bridges.  Stones  used  in  practice,  4  to  G  inches  apart.  Cottage 
walls,  9  inches  thick.  Chimney  walls,  18  inches.  Partitions,  4  inches. 
Walls,  sometimes  18  feet  high  and  12  inches  thick.  Garden  walls,  J( 
mile  long,  11  feet  high,  and  9  inches  thick.  Cisterns,  5  feet  deep  and 
'G  X  5  feet  9  inches  thick. 

Cost  of  one  cubic  yard  of  this  concrete  wall,  12  to  1-5  shillings,  at  3  to  4 
^lollars, 

310.1-3.  These  hind  of  buildings  are  common  in  Sweden,  since  182S, 
and  built  in  niany  towns  of  Pomeraiiia,  where  its  durability  has  been 
tested.  It  is  applicable  to  moist  climates.  Where  sand  can  be  had  on  or 
jiear  the  premises,  wails  can  be  built  for  one-fourth  the  cost  of  brickwork. 
In  Sweden,  they  use  as  high  as  10  parts  of  sand  to  1  of  hydraulic  lime. 
The  lime  is  made  into  a  milk  of  lime,  then  3  parts  of  the  sand  is  added, 
and  mixed  in  a  pug-mill  made  fur  that  purpose.  After  thus  being 
thoroughly  mixed  the  remainder  of  the  sand  is  added.  These  walls  resi.sl 
ihe  cold  of  winter,  as  well  as  the  heat  of  summer. 

The  pug-mill  is  made  cylindrical,  in  which  on  an  axis  are  stirrers, 
moved  by  manual  labor,  or  horse  power,  as  in  a  threshing  machine.  One 
.of  these,  in  ordinary  cases,  will  mix  729  cubic  feet  in  one  day.  Let  us 
suppos«*a  house,  40  feet  long,  20  feet  wide,  and  1  foot  thick.  Tliis  raisic 
will  mil  1  to  \%  toise,  ciibic,  per  day,  whicli  will  be  made  into  the  wall  by 
three  men,  making  the  wall  all  round,  6  feet  high,  moved  upwards  between 
upright  scaffolding  poles.  There  is  a  movealile  frame,  stayed  at  proper 
distances,  laid  on  the  wall  to  receive  the  beton  where  two  men  arc 
employed  in  spreading  it. 

3iav4.  TO  T>:.ST  HL-n.OLM:  iTONtS. 

Take  a  cubic  2  inches  each  way,  boil  it  In  a  solution  of  sulphate  of  sodii 
■(Glauber  salts)  for  half  an  hour,  .suspend  it  in  a  cold  cellar  over  a  pan  of 
^:lcar  sulphate  of  soda.     The  deposit  will  be  the  comparative  impurities. 

RiibbU  laork. — The  stones  not  squared. 

Course/!  work. — Stones  hammered  and  made  in  courses. 

AsAlnr. — Each  stone  dressed  and  squared  to  given  dimensions. 

Tp  prevent  sliding.— ^ti  dowels  are  sunk  one-half  inch  in  each,  roadeof 
hardwood, 

IValls  fmed  with  slone  and  liiud  '.ail'i  hi-iek  are  liable  to  settle  on  the  in- 
side, therefore  set  the  brickwork  in  cement,  or  some  hard  and  quick  setting 
mortar.     'ITie  stones  should  be  sizes  that  will  bond  with  the  brickwork. 

BoHd  in  masonry  is  placing  the  stones  so  that  no  two  adjoining  joints 
are  above  or  below  a  given  point  will  be  in  the  same  line.  The  joints 
must  be  broken. 

Stones  laid  lengthways  are  called  stretchers,  and  those  laid  crosfways, 
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Brick  itwrf.— EnglLsh  bond  is  where  one  course  is  all  stretchers  and  ll 
next  all  headers. 

Flemish  bond  is  where  one  biick  is  laid  stretcher,  the  next  a  header  ai 
in  every  course  a  header  and  slretchec  alternately. 

Tarred  hoop-iron  is  laid  in  llie  morlar  joints  as  bonds. 

;SI0x5.      ANGLES  OF  ROOFH,  WITH  THIi  HORIZONTAL, 
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From  the  above  table,  ive  see  that  the  elevation  of  the  roof 
one  degree  for  every  ^ths  degree  of  latitude,  from  Catthagena  to  Bergen. 

Pressure  on  Roof.  For  weight  uf  roof,  snow,  and  pressure  of  the  wind, 
40  lbs.  per  square  foot,  on  the  weather  side,  and  20  lbs.  on  tlie  other,  under 
150  feel  span.     Add  1  lb.  for  every  additional  10  feet.— 5/on^j',  p.  524. 

Greatest  pressure  of  wind  observed  in  Great  Britain  has  been  ."i.l  Itis,  per 
si|iiare  foot   -  0.382  His.  per  square  inch. 

310.10.  TRUSSED    HEAMS    AND    ROOFS. 

:t  AD  -■■  l>  ^  half  the  span.    AB  =  tie-beam  resting  on  the  wall-piales 


J  =  S  =  length  of  principal  ralters,  10 
n  the  foot  of  the  raftei- 


CU  =  /;  =  height  =  king-posi 
to  12  feet  asunder. 

Q  =  angle  BAC  =■  angle  oUitiirimiim  press 
Secant  of  the  angle  Q  =  /.     See  fig.  83  A. 

When  Q  =  Sb"  10',  the  pressure  /"is  a  minimum.  Moseley's Mtchunics, 
Sfc.  302,  Eq.  395. 

ITien  k  =  0'7072^  |  Here  1  =  distance  between  each  pair  of  rafters. 

/-—  1  "22484  M     iw  =  weight  of  each  square  foot  of  loof, 

IV  =  \  -22484  s  '.i'  )  including  pressure  of  the  ivind  anil  snow,  as 
determined  in  the  locality.      tV  =  weight  on  each  rafter. 

310x7.  7i>  calculate  the  parts  of  a  common  Roof.  Let  n  =  sectional  area 
of  a  piece  of  timber,  d  ~  its  breadth,  and  /  =  its  length,  s  =  span  of 
the  roof  in  feet,  fi  =  length  in  feet  of  that  part  of  the  tie-beam  supported 
by  the  queen-post. 

King-post,     a'^  /sx  0-12  for  fir,  and  a  =  Isy.  0*13  for  oak. 

Queen-post,     a  =  Ipx.  0-27  for  fir,  and  a  =  Ipy. 0-32  for  oak. 

The  Beam,     rf  =  ,  ,-t-    x  1  -47  for  fir. 

t~'S 

Principal  rafters  with  a  king-]J05I,  d  =   -j^  y.  OilO  for  lir. 
■•  with  two  (jueen-posis,  d  =~g. 
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72B142  AKTCflCERs'   WORK   AND  JETTIES. 

Straming  Beam.     Its  depth  ought  to  be  to  its  thickness  as  10  to  7. 

d  =  V'^^^iO-Sforfir. 
Struts  and  Braces,     d  =  V  I P^   "■  0*8  for  fir.  and  i  =  O'T  d. 
Purlins.— d  =  V^  V  for  fir,  or  multiply  by  1 '04  for  oak,  and  *  =  O.Grf. 
Conimon  Rafters,     d  =  ^rj-a  072  for  fir,  or  0-74  for  oak. 

Two  inches  is  the  least  thickness  for  common  rafters,  therefore,  in  thj.-. 
■case,  a'=  0'57I /for  fir. 

310j;8.  Lamenated  arched  beams  formed  of  plank  bent  round  a  mould 
to  (he  required  curve  and  bolted  are  good  for  heavy  travel  aiid  great  speed. 

JETTIES. 

310j:9.  In  rivers,  at  and  near  their  outlets,  sand  bars  are  formed  where 
the  velocity  is  less  than  that  of  the  deep  water  on  either  side.  The  de- 
sired channel  is  marked  out,  and  two  rows  of  piles  aie  driven  on  the  out- 
f^ides,  to  which  the  mattrasses  are  tied.  The  space  or  jetties  thus  piled 
are  filled  with  matrasses  made  of  fascines  of  brushwood,  bolted  by  wooden 
bolts  and  boards  on  the  top  and  bottom  of  each,  sloping  from  the  outside 
towards  the  channel. 

One  in  New  Orleans,  now  in  progress  of  construction  by  Capt.  Eads, 
C,  E.,  is  from  35  to  50  at  bottom,  and  22  to  25  at  the  top,  matrasses  3 
feet  thick.  From  3  to  (i  layers  are  laid  on  one  another.  Mud  and  sand 
assist  to  fill  the  interstices.  They  are  loaded  with  loose  stones,  and  the 
(op  covered  with  stone.  The  water  thus  confined  causes  a  current,  which 
removes  the  bars.  Drags  may  he  attached  to  a  boat  and  dragged  on  the 
bars,  which  will  assist  in  loosening  the  sand. 

The  matlrasses  are  built  on  frames  on  laiinchways  on  the  shore,  and  then 
tloated  and  tied  to  the  piles. 

Jetties  may  be  from  10  feet  upwards,  according  to  the  location.  Those 
of  the  Delta,  at  the  mouth  of  the  Danube,  are  filled  with  stones. 

See  Hartley  on  the  Delta  of  the  Danube,  for  1873. 

General  Gilmore,  U.  S.  Engineer's  report  on  the  Jetty  System,  for  1876. 

General  Comstock's,  U.  S.  A.,  report  on  the  New  Orleans  South  Pass. 

SlOjrO.  Excavations  for  Foundation,  measured  in  cubic  yards,  pit  meas- 
urement. Allow  6  inches  on  each  side  for  stone  and  brickwork,  and  no 
allowance  is  mad    uh  '   used.     Where  excavation  is  made  for 

water  or  gas  pipes        pes  4  is  allowed.     State  for  moving  away 

the  earth  not  requ  ed  b  kfi  ng,  the  distance  to  which  it  is  to  be 
moved,  and  inch  d  h  w  d   posed  of,  whether  used  as  a  filling  or 

put  in  a  water  emb        m  Th     done  for  first  proposed  estimate. 

Filling  is  meas  d  mb  km  t  measurement,  for  the  allowances  for 
shrinkage  add  8  p        n  h    nd  clay  when  laid  dry.     When  put  in 

water,  add  one- third.     Bog  stuff  will  shrink  one-fourth.     Seep.  210. 

lOD  cubic  feet  of  stone,  broken  so  as  to  pass  through  a  ring  IJ  inch  in 
diameter,  will  increase  in  bulk  to 190  cubic  feet. 

Do  do  to  pass  through  a  2  inch  ring,    18-2     t.         n 

Do         do  I,         .r  2i        170    ,1        ,1 

Rubble  Masonry. — One  cubic  yard  requires  1  1-5  cubic  yards  of  stone 
and  1-4  cubic  yard  of  mortar.     Ashlar  masonry  requires  1-8  its  bulk  of 

All  contractors  otight  to  be  informed  that  when  they  haul  100  yds  from 
the  pit,  that  it  will  not  measure  the  same  in  the  "  fill  "  or  embankment. 
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MEASUREMENT    OF    WORK.  ■2b143 

Isolated  Peirs  are  measured  solid,  to  which  add  50  per  cent. 
Brick  Walb  are  measured  solid,  from  which  deduct  one-half  the  open- 
ings; then  reduce  to  the  standard  measurement,  for  example;  multiply  the 
cubic  feet  by  2^4,  and  divide  by  1000,  to  find  the  number  of  thousands  of 
bricks,  as  calculated  in  Chicago,  where  the  bricit  is  8  by  4  by  2  inches. 
NoTB.— One  ipusi  observe  ihe  Igcal  cusiom?. 

The  English  standard  rod  is  IGi'xltiJ'xlSi"  =  272  superficial  feet  of  the 
standard  thicltness  of  14  bricks  or  InlJ"  =  306  cubic  feet.  100  cubic  feet 
brickwork  requires  41  imperial  gallons  of  water,  or  49  United  States  to 
slake  the  lime  and  mix  the  mortar.  When  the  wall  is  circular  and  under 
25  feet  radius,  take  the  outside  for  the  width.  Include  sills  under  6  inch. 
CornUes.  The  English  multiply  the  height  by  the  extreme  projection 
for  a  rectangular  wall. 

In  various  places  in  America,  the  height  of  the  cornice  is  added. 
Chimneys,  flues,  coppers,  ovens,  and  such  like,  are  measured  solid,  de- 
ducting half  the  opening  for  ash-pits  and  fireplaces. 

Three  inches  of  the  wall-plate  is  added  to  the  height  for  the  wall ;  thi-. 
compensates  for  the  trouble  of  embedding  the  wall-plales, 

Sions  Walb.  Measured  as  above,  and  take  100  cubic  feet  per  cord  of 
stone  mason's  measurement.  The  cord  is  8x4  feet  liy  4  feet,  or  12 1  cubic 
feet,  or  it  is  measured  in  cubic  feet.  The  surface  is  measured  by  the  super- 
ficial foot,  as  ashler  hammered  cut  stone,  and  entered  separate. 
Chimneys  are  measured  solid,  only  the  firephices  deducted  in  England. 
Slater's  Work.  Measured  by  the  square  of  100  feet.  Measure  from  the 
extreme  ends.  Allow  the  length  by  the  gui^e  for  the  bottom  course  or 
eve.  Deduct  openings;  but  add  G  inches  around  them;  also  6  inches  for 
valley  hips,  raking,  and  irregular  angles. 

Filling.  Measured  as  above.  Add  for  valleys,  12",  eaves,  4".  All 
cutting  hip,  etc.,  3  inches. 
A  PaMileiiWi^'xSii'-x^  inch,  weighs  5J  Iti,  more  or  less,  Isq.  =8971b. 
-4/'3w'iy^lOi"xe4">!ginch,  weighsSilb,  „  „  ,.=168011. 
Pantile  laths,  are  1  inch  thick  and  tj  inch  wide  and  10  feet  long. 
Plastering.  Render  two  coats  and  set.  Lime,  O'O  cubic  feet;  sand,  08  ; 
hair,  191b;  water,  2-7  imperial  gallons. 

Measure  from  top  of  baseboard  to  one-half  the  height  of  the  cornice; 
deduct  one-half  for  openings,  or  as  the  custom  may  be. 
Cullers  should  have  a  fall  of  I  inch  in  10  feet. 

Painting,  I  Ih.  of  paint  will  cover  4  superficial  yards,  the  first  coat, 
and  about  6  yards  each  additional  coat.  About  1  Ri  of  putty  for  stopping 
every  20  yards. 

1  gallon  of  far  and  I  Ri  of  pilch  cover  !2  yards  first  coat,  and  about  17 
yards  the  second  coat. 

1  gallon  of  priming  color  will  cover  50  superficial  yards, 
white  paint  „  41 

to  50 
Keep  difficult  and  ornamental  work 
separate.     Also,  the  cleaning  and  stopping  of  holes,  and  other  extras. 
Joiner's  Wsri.    Measured  as  solid  feet  or  squares  of  100  feet  superficial. 
Flooring  by  the  square  of  100  feet  superficial. 
Skirting,  per  lineal  fool,  allowing  for  passages  at  the  angles. 
Sashes  and  frames.    Take  out  side  dimensions,  add  1  inch  for  any  middle 
bar  in  double  sashes. 
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72B144  SAMTARV    HINTS. 

Engineers  and  architects  ought  lo  diseounlenance  drain  in  i;  and  wasting 
sewage  into  rivers-  The  paving  of  streets  with  wooden  blocks,  which  is 
certainly  unhealthy,  causing  maliirial  fevers.  MacAdam  stones,  heavily 
rolled,  etc.,  or  stone  blocks,  are  better.  The  French  pavement,  now  used 
in  London,  Is  the  best,  which  is  made  by  putting  a  Coat  of  aspbnlt  2J4  to 
3  inches  (hick,  on  a  bed  of  concrete  8  to  10  inches  thick. 

Chicago,  Oct.  15.  1878.  M.   McDERMOTT. 

^UOjIO,  The  surueyors  and  engineers  are  frequently  obliged  to  encamp 
where  they  encounter  mosquitoes  and  diseases  of  Ihe  bowels. 

Oil  of  pennyroyal  around  the  neck,  face,  and  wrists. 

Apply  around  the  neck  and  face,  at  the  line  of  hair,  and  around  the 
wrists,  two  or  three  times  during  the  day  and  once  or  twice  at  night.  This 
is  a  pleasant  application  to  use,  but  disagreeable  to  the  mosquitoes.  We 
used  to  use  a  miiture  of  turpentine  and  hog's  fat  or  grease,  and  at  other 
limes,  wear  a  veil ;  both  were  but  of  temporary  benefit ;  the  first,  was  a 
nuisance,  and  the  latter,  by  causing  too  much  perspiration,  was  unhealthy. 

Drinking  too  much  water  can  be  avoided  by  using  it  with  finely  ground 
oatmeal ;  by  using  this,  the  surveyor  and  engineer,  and  all  their  men  using 
il,  will  not  drink  one-fifih  as  much  water  as  if  they  did  not  use  it. 


The  best  known  remedy  is  tincture  of  opium;  tinct  of  camphor;  tinct  of 
rhubarb;  tinct  of  capsicum  (Cayenne  pepper);  of  each  one  ounce.  Add, 
for  severe  griping  pains,  5  drops  of  oil  of  Anisee  to  each  dose. 

Dose, — 25  drops  in  a  little  sweetened  water,  every  hour  or  two,  till  re- 
lieved. Sometimes  we  put  a  little  tannic  acid,  which  is  a  powerful  astrin- 
gent.    Avoid  fresh  meat,  and  use  soda  crackers. 

To  «fa/£  CAH/i  and  Fever,  use  quassi,  by  pouring  some  waim  water  on 
quassi  chips,  and  letting  it  stand  for  the  night.  Take  a  cupful  every  morn- 
ing. Never  allow  wet  clothes  to  dry  on  you,  if  it  can  possibly  he  avoided. 
Tannic  acid  and  glycerine  will  heal  sore  or  scald  feet. 

Wafers  applied  to  your  corns,  after  being  well  soaked  in  lye  water,  will 
cure  them.  Apply  the  wafer  after  being  moistened  on  the  tongue;  then 
apply  a  piece  of  linen  or  lint.  Repeat  tliis  again  when  it  falls  off,  in  two 
or  three  days,  and  it  will  remove  the  corn  and  the  pain  together. 

To  Disin/kl  Cutlers,  Saaers,  ele.  Take  one  barrel  of  coarse  sail  and 
two  of  lime;  mix  them  thoroughly,  and  sprinkle  sparingly  where  required. 
This  acts  as  chloride  of  lime. 

7o  Disinfect  Rooms  in  Buildinj^'s.  Take,  for  an  ordinary  room,  half  an 
ounce  of  saltpetre;  pat  on  a  plate  previously  heated,  on  this  pour  half  an 
ounce  of  sulphuric  acid  (oil  of  vitriol] ;  put  the  plate  and  contents  on  a 
heated  shovel,  and  walk  into  the  room  and  set  the  plate  on  some  bricks 
previously  heated.  This  destroys  instantaneously  every  smell,  enables  the 
nurse  to  go  to  the  bedside  of  any  putrid  hody  and  remove  it.  Where 
there  is  sickness,  as  now  in  Memphis,  etc,  it  causes  great  relief  to  the  sick 
and  protection  to  those  in  attendance.  This  is  Dr.  Smith's  disinfectant, 
used  at  Gross  Isle,  Quarantine  Station,  below  Quebec,  Canada,  in  18tS. 
We  have  used  it  on  many  occasions,  with  satisfactory  results,  since  then. 
Clothes  hung  in  a. well-closed  room  for  two  days,  and  subjected  to  this  on 
three  plates,  would  he  rendered  harmless. 

Chicago,  23d  Sept.,  187S.  M-   McDERMOTT. 
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FORCE  AND  MOTION. 

Sll.     Matter  is  any  suhatfirce  known  tn  our  nanses. 

Inertia  of  Matter  ia  that  wliich  renders  a,  bodj  incnpable  of  molioa. 

Motion  is  th«  constant  ch&age  of  the  place  sf  a  body. 

Ibrce  is  a,  power  that  gives  or  destroys  motion. 

Fov>er  is  the  body  that  moTea  to  produce  an  eBect, 

Weight  ia  the  body  acted  upon. 

Mommium  of  a  body  is  the  product  of  its  velocRy  by  the  qaanllty  of 

Gravity  is  the  force  by  nhich  bodies  descend  to  the  centFe  of  the  earth. 

Centrifugal  Force  is  that  Which  cmses  a  body,  raoYing  arouod  a  oBQtre, 
to  go  off  in  a  straight  line. 

Centripetal  Force  ia  that  which  teods  to  keep  the  body  moving  around 
liie  centre. 

Let  D  B  represent  a  straight  line !        d           C           A                      B 
D,  C,  A  and  B,  given  forces.  • • • • 

rf  D  and  C  in  the  same  direction  act  on  A,  their  force  —  their  enm. 

If  D  and  B  in  the  same  line  net  on  A,  but  in  different  directions,  the 
effect  of  their  force  will  equal  their  difference,  as  D  —  B,  where  D  is 
supposed  the  greater. 

If  D  and  G  act  on  A  in 
one  direction,  and  B  in 
the  other,  then  the  effect 
=  D  +  C  —  B. 

When  the  forcea  C  and 
B  act  on  A.  making  a 
given  <  B  A  C,  the  sin- 
gle force  equal  to  both  ia 
called  the  resultant. 

Resultant  of  the  forces  B  and  C  acting  on  A  is  ^  D  ;  or  by  representing 
forcea  B,  C  and  D  by  the  lines  A  B,  A  C,  A  D,  then  (he  resultant  in  the 
above  will  be  the  diagonal  A  D,  and  A  B  and  A  C  are  its  components. 

Composant  or  Component  Forces  are  those  producing  the  resultant,  as 
A  B  and  A  C. 

Rectangular  Ordinates  are  those  in  wbich  Ihe  <  B  A  C  is  right  angled, 
or  when  a  force  acts  perpendicularly  to  the  plane  A  C  or  A  B. 

In  the  last  figure,  the  force  A  C  forces  A  in  a  direct  line  towards  a.  and 
the  force  A  B  forces  A  towards  b  In  the  same  line;  but  when  both  forces 
act  at  the  same  time,  A  is  made  to  move  in  A  D,  the  diagonal  of  the  paral- 
lelograni  made  by  the  forces  A  C  and  A  B,  by  making  C  D  =  A  B,  and 


A  C  =  B  D. 

Parallelogram  of  Forces 
of  forces  applied  to  the 
magnitude.     The  diagona 

Example.  The  force  A 1 
B  A  C  =  right  angle.  E 
l/{AC»  +  OD»)  =  AD 
=  816.23  lbs. 

Otherwise,  AD  =  (AB»  +  AC«  +  2ABXACX 


lliat  in  which  A  B  and  A  C,  the  magnitndes 
ly  A,  gives  the  diagonal  A  D  in  position  anil 
.  D  is  called  the  resultant,  or  resulting  force. 
=  300  lbs.,  (he  force  A  C  =  100  Rb.,  the  angle 
3  we  have  A  C  and  A  B  =  B  D  and  C  D;  .-. 
8., /(100OO  +  90O0O)  =  i/(lO00OO)  =  AD 


!.  <BAC)i 
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72d  SOBCE  and   MOTIOW. 

Let  tbB  <  B  A  C  =^  60°;  .-.  its  conine  =  .5;  tien 
300»  =  SOOOO 

100'  =  10000 

2  X  300  X  100  X  0.5  =  30000 

A  D»  =  180000  .-.  A  D  =  360.B5  fte. 

Bamng  (*s  <  B  A  C,  to  floii  the  <  C  A  D.  A  D  :  A  B  : :  sine  <  B  A  C 
!  sine  <  D  A  0. 

A  B  -  aine  <  B  A  C 
^  AU 

Let  C  A,  B  A  and  E  A  be  three  forces  in  magnitude,  We  find  tbe  r«- 
BultftDt  A  I)  of  the  forces  C  A  and  B  A;  thon  between  this  resultant  and 
the  force  E  A  find  the  line  E  F,  the  required  resultant  of  the  Ihree  forces; 
and  so  on  for  any  other  numl^er  of  forces.  Bj  drawing  a  plan  on  a  scale 
of  100  lbs.  to  the  inch,  -we  will  find  the  required  forces. 

Or,  let  0  X  and  0  Y  be  two  rt 
and  A  0,  B  0,  C  0  and  DO  represent  forces,  I 
and  a,  b,  c,  d  :^  the  angles  made  tiy  the  fori 
A,  B,  C  and  D,  with  tbe  aiis  OX.     Let  S  =  | 
sum  of  the  forces  acting  in  direction  of  ax 
and  I  the  sum  of  the  forces  acting  in  tbe 
tion  of  0  Y  ;  then  we  haire  S  =  A  0  . 
+  B  0  .  COS.  b  +  C  0  •  COS.  0  +  D  0  •  ■ 
leb  +  CO.t 


_D0.( 
In  this 

as  well  as 
Note. 


Resultant  =  /(S^  -|-  e^]. 
he  forces 


^oOY. 


In  the  first  quadrant  X  0  Y,  the  ! 
but  in  the  fourtb  quadrant  X  0  W,  tlie  sices  mu^t  be  negative. 

The  effect  of  any  force  acting  on  it  bod;  is  in  proportion  to  the  cosine 
of  its  inclination. 

IT  three  forces,  B,  C  and  D,  act  on  a  point  A,  ao  aa  to  keep  it  in  equili~ 
brinm,  each  of  tbeso  is  proportional  to  the  sine  of  the  <|  made  b;  the 
other  two,     (See  fig,  B.) 

Let  B  and  C  be  Ibe  components  of  the  resultant  D,  then 
D  :  C  : :  aine  <  B  A  C  :  sine  <  B  A  D. 
D  ;  B  -■:  sine  <  B  A  C  :  sine  <  C  A  D, 

If  we  represent  the  three  forces  meeting  in  A,  by  the  three  contiguous 
edges  of  a  parallelepiped,  their  resultant  will  be  represented  in  magni- 
tude and  direction,  by  the  diagonal  drawn  from  their  point  of  meeting  to 
the  opposite  angle  of  the  paratlelopiped. 

If  four  forcea  in  different  planes  act  upon  a  point  and  keep  it  in  equili- 
brium, these  four  forces  will  be  proportional  to  tbe  tbree  edges  ml  ding. 
oaai  of  a  parallelepiped  formed  on  lines  reapectlvelj  parallel  to  the  direc- 
tions of  tbe  foreea. 

Polsgon  of  Forces.  Let  0  A,  OB,  0  C  and  0  D  in  fig,  B.  represent 
forcea  in  position  and  magnitude.  From  A  draw  A  E  ^  and  parallel  lo 
O  B,  E  F  =  and  parallel  to  0  C,  F  G  =  and  parallel  to  0  B ;  then  the 
line  0  Q  :=  resaltant  in  magnitude  and  direction. 

Tbe  sum  of  the  moments,  of  an;  number  of  forcea  acting  ou  a  bod;, 
mast  be  equal  to  aum  ot  the  moments  ot  any  norober  of  forces  acting 
in  opposite  directions,  so  ae  to  keep  tbe  bod;  from  being  oTerthrown. 


V  Google 


iil2.  All  bodies  are  altrnoWd  to  the  oanfreof  the  earth,  fall  in  vertical 
lines,  and  with  the  satne  velocity. 

Velacitj  acquired  by  a  body  in  falling  iiicreasea  with  the  time. 

Uniforrotf  accelerated  mocion  is  that  which  augmentB  in  proportion  Ui 
the  time  from  its  commencement. 

If  a  body  falls  throagh  a  given  space  in  a  given  time,  it  acquires  a  speed 
or  velocity  which  would  carry  it  over  twice  that  space  in  the  eama  lime. 


in«>™flsfrom 

Ci.           Uv        ac  a 

OnsMnt  difference. 

t™ 

fallen  thwusrh  In 

Vslocities  acquire  J 

' 

til«  of  twt. 

Beinnd. 

tB««oniifol.-V, 

1 

1  h 

2  h 

I  h 

2 

3  b 

4  h 

i  h 

3 

6  h 

6  h 

9  h 

i 

7  h 

8  h 

13  h 

6 

S  h 

10  h 

26  b 

6 

11  h 

12  h 

36  h 

etc. 

etc. 

etc. 

eto. 

n 

(2n-l)h 

2nh 

n'h 

s  of  thar  haghts. 
of  their  Telocilif 


;  quantity 


Here  h  =  half  the  initial  of  gravity,  being  half  the  velocity  acquired 
by  a  body  falling  in  uaciio  ai  the  end  of  the  first  eeconil.  Aa  g,  the  initial 
of  gravity,  is  =  32.2,  .■.  h  =  16.1.  The  value  of  g  varies  with  the  lati- 
tude, bnt  the  above  is  near  enough. 

From   the  above,   we   fiod   that  by  putting   H  ^=  total  height,  and 

V  =  the  acquired  velocity,  V  =  12  h  =  ViVy^Wh  =  /2  g  H.     Here 
2g  =  4h.  ^^^  _ 

Lei  V  =  10  h  =  1/(4  h  X  26  h)  =  i/27h  =  8.02  i/h,  etc. 

V  =  2nh:=v/(4hX"*li)  —        do.   =        do. 

This  is  tlie  general  equation  for  the  velocities  of  bodies  moving  in  vacuo, 
from  which  it  appears  that 

Velodtia  are  to  one  another  as  the  jgiinr*  TOr, 

Reighli  are  to  one  another  as  the  square 
bodies  do  not  move  in  vacuo,  the  velocities  ai 
of  resistance,  which  we  put  =^  m. 

Theoretical  Velocity  =  8.02  VK  or  aa  now  nsed  =  8.03  /tT 

Actual  Velocity  =:  8.03  m  i/il,  in  which  rn  la  to  be  deiermined  by  ei- 
perimenta. 

To  find  the  velocity  of  a  ttream  of  water.  Take  a  ball  of  wai,  two  inches 
in  diameter,  or  a  tin  sphere  partly  filled  with  wnter,  and  then  Healed,  so 
that  two-thirds  of  it  will  be  in  the  water.  Find  the  elapsed  time  from 
the  ball  passing  from  one  given  point  Co  another.  Repeat  the  measure- 
ments until  two  of  them  agree. 

Mean  velocity  is  in  the  middle  of  the  streaia  and  at  half  its  depth. 

Let  V  =  surface,  and  v  =  mean  velocity;    then,  according  to  Prony, 

V  =  0.816  V  for  velocities  less  than  10  feet  per  second.     (See  Sequel  for 
Wafer  Work,.) 

Composition  of  Holiont  is  like  the  composition  of  forces,  and  the  same 
operations  may  be  performed.     If,  in  fig.  A,  last  page,  a  body  acting  on 
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A  driyes  it  to  B  in  300  secoads,  in  the  direction  A  H,  and  in  the  direction 
A  C  driTSB  it  to  C  in  100  secoEds,  .-.  it  is  drivea  bj  th«  uoited  foreee  ta 
D  in  360.55  secSnds. 
V  :=  t  g.     Here  t  =:  time  in  seconds,  and  g  =  32.2. 

vt      t^g       v»  T 

H  t=  —  =  -■ —  =;  — ,  becansfl  t  =  -.     Here  11  =  space  fallen  tljrough. 

2         2        2g'  g  ^  ^ 

Example.     Let  a,  bod;  fall  during  10  seconds;  iben  we  have, 
V  =  10  X  32.2  =  322  =  velocity'  at  the  end  of  10  seconds. 

322 
H'=— —  X  10  =  1610  =  space  passed  through  in  10  seconds. 


(322)=         103fi84 

H  =  J i_  — =  1610. 

2  X  32.2         64.4 
WbeQ  the  relocity  begins  with  a  giten  acquired  velocily  = 
V  =  0  +  t  g.     Here  c  is  constant  for  all  intervals. 

H  =  o  t +  — ^  =  (^^^j  t  =  — foracceleratean 

2  2  2  g 

When  l/ie  lavtion  u  retarded,  and  begins  with  velocity  c, 
then  V  =  0  —  t  g. 

f"        c— V  c'— t" 

V 
From  above  we  have  V^  t  g^  -■-  t^-. 
^  g 

Also,  H  =  c  t  - — ~.     Sabstituling  the  value  of  t,  we  hav 

V»  =  2  g  H ;  but  H  =  tho  total  height  =  H ; 

.■.  V  =  l/2gTi  =  8,0;;  l/H  =  forninla  for  free  descent. 


H  = ,  and  by  putting  m  ='  eoefficient  or  constai 

find  T  =  m  \/-2  kH,  and  H  = 

Di^X2g 

Actual  velocity  V  =  (8.03  m  /h)  and  H  =  (. — ~~~~{)  »"  '"  f«et. 


313.  Centre  of  Gravity  is  that  point  in  a  mass  which,  if  applied  to  a 
vertical  line,  would  iieep  the  whole  body  or  mass  in  equilibriuni. 

in  a  CireU,  the  centre  of  gravity  is  equal  to  the  centre  of  the  circle. 

In  a  SqvoTC  or  Paralltlogram — where  the  diagonals  intersect  one  another. 

In  a  Triangli — where  lines  from  the  angles  l^i  the  middle  of  the  oppo- 
site line  cut  one  another  (aee  aaoexed  figure).  Where  C  H,  D  Q  and  B  P 
cut  one  another  in  the  same  point  F,  then  G  F  =  one-third  of  G  D,  and 
H  F  =  one-third  of  C  H.  Senee,  the  centre  of  gravity  of  a  triangle  is  at 
one-third  a/ it!  altitude. 

In  a  Trapezoid,  A  B  C  D,  let  E  F  be  perpendicular  to  A  B  and  C  D. 
EF      CD+2AB 

WhenEG  = X  ■  ■    -  - ,  let  E  F  =  h,  A  B  =  b,  and  C  D  =  e; 

3    ^  CD  + AB 
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Trapezium.     Let  A  B  C  D 
be  the  given  trapeii 


and  C ;  find  t 


e  of 


=  H  D,  and  Y 


gratitj  E  of  the  A  A  C  B.  and 
also  the  centre  of  grinity  F  of 
tho^  CBB;  joii 
let  E  F  =  36  ;  lei 
A  A  C  B  =  1200,  and  that  of 
C  B  D  =  15O0  ;  then,  as  1200 
+  1600  :  1200::  36  :  F  G  ^ 
16;    Bnd  in  general  figur 
ABDC  :  ACB;:  FB  :  F' 

In  the  anneied  figure,  AK  =  KB,  CG  = 
is  the  I'equired  centre  of  gravity  of  A  B  L. 

Lei  the  figure  have  three  triangles,  as  A  B  L  D  C.  Find  the  centre  of 
gravity  N  of  the  A  B  L  D  ;  join  Y  and  N ;  then,  ABLDC:ABLD 
::  Y  N  :  Y  S.  Henoe.  S  =  required  cenlre  of  gravity  of  A  B  L  D  C. 
Points  E,  F,  N,  are  the  centres  of  the  inscribed  circlea.  By  laying  down 
a  plan  of  the  given  figure  on  a  large  scale,  we  can  lind  the  areas  and  lioea 
BY  and  Y  S,  Bto„  BufficieDtly  near. 

Otherviiie,  by  Construction.  Let 
A  B  C  D  be  the  required  figure. 
Draw  the  diagonals  A  D  and  C  B  ; 
bisect  B  C  in  F ;  make  D  E  =  A  G ; 
join  F  G,  and  make  F  K  =  one- 
third  of  F  G ;  then  the  point  K  nj]] 
be  the  required  centre  of  gravity. 

Cone  or  pyramid  has  its  centre  of 
gravity  at  one-fourth  its  height, 

Fnistruin  of  a  Cone  has  its  centre 
of  gravity  on  the  aiis,  measured  from  the  centre  of  the  li 
h3R3-{-2Rr  +  r= 


tlie  distance  -[ — 


p).     Here  R  =i  radius  of  the  greater  end. 


*   R'  -I-  R  r  4-  r2  ' 
and  r  =:  that  of  the  leaser  ;  h  =  height  of  the  frustmm. 

FruBtrutn  of  a  Pyraiaid,  the  same  as  above,  patting  S  :=  greater  side, 
instead  of  R,  and  s  =  leaaer  side,  instead  of  r. 

In  a  Circular  Segment,  having  the  chord  1),  height  h,  and  area  A,  given. 
Distance  from  the  centre  of  the  circle  to  the  centre  of  gravity  on  h  =: 


In  a 


12 


a  Circular  Sector  CAB,  there 
ire  given  the  arc  ABB,  the  angle 
A  C  B,  A  B  and  the  are  A  D  B  can 
he  found  bj  tab.  1  and  G,  the  radius 
C  D  bisecting  the  arc  A  D  B,  and 
putting  G  =  centre  of  gravity, 
then  its  distance  from  the  centre 


=  ca=-. 


-XS-- 
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iSff        -  POaCS   AND   MOTION. 

Einmpte.     Let  <  A  C  B  =  40°,  n.nd  C  D  ~  50  feet,  to  find  C  G,     Hera 

the  <  A  C  D  =  20°  and  C  A  =  fiO,  .-.  by  table  1,  its  departure  A  K 

=  17.10;  this  multiplied  by  2,  gives  the  chord  A  B  =  84,20.     By  table 

5,  40°  =  .698132;    this  multiplied  bj  60,  gives  arc  A  D  B  =  34.91. 

34.907       2  8490.7 

Now,  C  O  =: X  -  X  50  ^  ~-  =  84.02. 

34.2    ^8-^  102,6 

In  a  SmiieinUe,  the  centre  of  gravity  is  at  the  diatance  of  0.4244  t  from 
the  point  C. 

In  a  Qaadrani.  the  point  Q  ia  at  the  distance  C  G  =  0.60026. 

In  a  Ciroilar  Ring,  E  H  F  B  D  A,  there  are  given  the  chords  A  B,  E  F 
=  a  aJid  b,  and  the  radius  C  A  =  R,  and  radius  C  E  =  r,  acd  C  G  = 
4    sin.  1  0      R=— r' 
-  ■ —  ■  [rr^ -).     Here  o  =  angle  A  C  B. 

Ciiitre  of  Gravity  of  Solids. 

314.  Triangidar  Pyramid  or  Cone.  The  point  G,  or  centre  of  gravity, 
is  at  three-fourths  of  its  height  measured  from  the  vertex. 

Wtdge  or  Priim.  The  point  G  ia  in  the  middle  of  the  line  joining  the 
centres  of  gravity  of  both  ends. 

In  a  Conic  Frustrunt,  the  distance  of  Q  from  the  lesser  end  is  equnl  to 
h,8R'  +  2Rr  +  r>. 
-I J.     Here  R  =  radiua  of  greater  base,  and  r  ^  that 

of  tbe  lesser. 

In  a  Friislrum  of  a  Pyramid,  the  above  formula  will  answer,  hy  putting 
R  for  the  greater  side  and  r  for  the  leaser  side  of  the  triangular  bases. 
The  value  will  be  the  length  from  lesser  end. 

in  any  Polyhedron,  the  centre  of  gravity  ia  the  same  as  that  of  its  in- 
scribed or  oiroumsoribed  sphere. 

In  a  ParaboUiid,  tbe  point  G  is  at  ^  height  from  the  vertex. 

InaFTvaintm  of  do.    The  distance  of  G  from  lesser  end  ^=  -  { -)■ 

/n  a  Prismoid  or  JJigvla,  the  point  G  ia  at  the  aame  diatance  from  the 
base  as  tbe  trapezoid  or  triangle,  which  ta  a  right  section  of  them. 

in  a  Hemisphere,  the  distance  of  the  centre  of  gravity  ia  three-eighths  of 
the  radius  from  the  centre. 

in  □  ^herical  Segment,  the  point  G,  from  the  centre  of  the  sphere  =^ 
8.14161)°             b  ' 
- — — (  r ),      Here  b  ;=  height,  and  S  =  solidity. 


315.  Specific  Gravity  denotes  the  weight  of  a  body  as  compared  with  an 
equal  bulk  of  another  body,  taken  as  a  standard. 

Standard  weight  of  solids  and  liquids  is  distilled  water,  at  60=  Fahren- 
heit or  15°  Centragrade.  At  this  temperature,  one  cubic  foot  of  distilled 
wHter  weighs  1000  ounces  avoirdupois. 

When  1  cubic  foot  of  water,  as  above,  weighs  1000  ounces, 

1  eobio  foot  of  platinum  weighs  21500      " 

That  is,  when  the  specific  weight  of  water  =  I, 

then  the  specific  weight  of  platinum  ^  21,6. 

One  cubic  foot  of  potassium  weighs  865      " 

,■,  its  Bpeoifio  gravity,  compared  with  water,  =        0,865. 
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316.  lb  find  theSpeafic  Gravity  of  a  liquid.  The  anneied  \a  a  sma!]  bottlo 
D^led  epeciSo  grnvity  bottle,  whicb,  when  filled  to  the  cut  or  mark  a  b  on 
the  neck,  contains,  at  the  (emperiiiture  of  G0°  Fahrenheit,  1000  grains  ot 
distilled  nater,  Some  bottles  have  thermometers  attached  to  them  ;  but 
it  nill  be  sufficiently  acaurate  to  have  the  bottle  and  thermometer  dq  the 
same  table,  and  raise  the  heat  of  the  eurrouDdiug  atmosphere  atid  liquid 
to  60°.  Some  bottles  contain  500  grains.  Some  have  a  small  hole  through 
tie  stopper.  The  bottle  is  filled,  and  the  surplus  water  alloived  to  pass 
through  the  stopper. 

C  i>a  Counterpoise,  that  is,  a  weight  =  to  the  empty  bottle  and  stopper. 

To  find  the  Specific  Gravity.  Fill  the  bottle  with  the  liquid  up  to  th» 
mark  a  b  (which  appear  curved),  and  put  in  the  stopper.  Put  the  bottle 
DOi*  tilled  into  one  scale,  and  the  counterpoise  and  necessary  weight  in 
the  other.  When  the  scales  are  fairly  balanced,  remove  the  counterpoise. 
Let  the  reniaining  weight  be  1269  grains;  then  the  specific  gravity  ^^ 
1,269,  which  is  that  of  hydrochloric  or  muriatic  acid. 

Density  of  a  body  ii  the  mass  or  quantity  compared  with  a  given  standard. 
Thus,  platinum  is  21j  times  more  dense  than  water,  and  water  is  more 
dense  than  alcohol  or  wood. 

Hydrometer  ia  8  Bimple  instrument,  invented  by  Archimedes,  of  great 
antiquity  (300  B,  C),  for  finding  the  specific  gravity  of  liquids.  It  Can 
be  seen  in  every  drug  store.     See  the  annexed  figure,  where  A  is  a  long, 

ia  the  bulb  and  the  stem  graduated  front  top  downward  to  100.  The 
weight  is  such  that  when  the  instrumenl  is  immersed  in  distilled  water  aC 
W  Fahrenheit,  it  will  sink  to  the  mark  or  degree  100. 

Example.  In  liquid  L  the  instrument  reads  70",  This  shows  that  TO* 
volumes  of  the  liquid  L  is  ==  Co  100  volumes  of  the  standard,  dietjUed 
water;   .-.  70  :  100  ::  1  :  1.428  =  specific  gravity  of  L. 

The  property  of  this  instrument  is.  that  it  sustains  a  pressure  from 
below  upwards  =  io  the  weight  of  the  volume  of  the  liquid  displaced  by- 
such  body.  Those  generally  used  have  a  weight  in  the  bulb  and  the  stem 
graduated,  and  are  named  after  their  makers,  aa  Baume,  Carties,  Gay 
Lussac,  Twaddle,  etc.  Syke's  and  Dica's  have  moveable  weights  and 
graduated  scales. 

To  find  the  Specific  Gravity  by  Tivaddle's  Bydromeler.  Multiply  the  de- 
greeo  of  Twaddle  by  6  ;  to  the  product  add  1000  ;  from  the  sura  cut  off 
three  figures  to  the  right.     The  result  will  be  the  epecille  gravity. 

Example.  Let  10"  =  Twaddle;  then  10  X  5  +  1000  =  1.05O  = 
specific  gravity. 

317.  To  find  the  Spictfic  Gravity  of  a  solid,  S.  Let  S  be  weighed  in  air, 
and  its  weight  =W.  Let  it  be  weighed  in  water,  and  its  weight  =  ib.  Then 
"  —  VI  =  weight  of  distilled  water  displaced  by  the  solid  S.  Then 
iV"_  "  =^  specific  gravity. 

Rule.  Divide  the  weight  in  the  air  by  the  difference  between  the  weight 
in  air  and  in  water.     The  quotient  will  be  the  specific  gravity. 

I*t  a  piece  of  lead  weigh  in  air  =  898     grains, 

and  suspended  by  a  hair  in  dislJIIed  water  =  362.4     " 

IJifi'erence  =  35.6 

This  difference  divided  into  398,  gives  specific  gravity  =  11.176,  because 
5S.S:  1  :;  898:  11.176  =  specific  gravity  o(  the  lead. 


V  Google 


318.     To  find  tie  Specific  Gravity  of  a  body  lighter  ihaai  wafer. 
Example.     A.  piece  of  max  weighs  in  air  =  B  =  133.7  grains; 

Attaclied  to  a  piece  of  brass,  the  whole  weight  in  air  =  C  =  183,7 
Immersed  id  water,  the  compound  weighs  ;=  c  =  88.8 

Weight  of  water  =  in  bulk  to  brass  and  wai  =  C  ~  o  =     14J.9 
Weight  of  brass  in  air  =  W  =  60 

Weight  of  equal  bulk  of  water  =  W  —  ii-  =  5.6 

Ball!  of  water  =  to  wai  anif'brass  =  C  —  c  =  M4.9 

"  "       =  to  brass  alone  =  W  —  w  =  5.0 

"  ■'      =  to  was  nlone  =  C  —  e  —  (W  —  «■)  =       139,3 

That  ia,  C  —  c  +  10  —  W  =  IM.S. 

B:C^c  +  iu  —  W::  specific  gravity  of  body  :  apecilic  gravity  of 
water.    That  is, 

W;C  —  c  +  w  —  W:  specific  gravity  of  body  r  1. 
B  133.7 

Specific  gravity  of  body  = = ■  =  0.9598. 

Tiie  above  esample  is  from  Fowne's  Chemistry ;  the  formula  is  ours. 
319,  To  delermine  the  Specific  Gravity  ofapotadcr  or  particlca  imolubk  in 
teaier.  Put  100  grains  of  it  into  a  specific  gravity  tiottle  which  holds  1000 
grains  of  distilled  water ;  then  fill  the  bottle  with  water  to  the  establisheil 
mark,  and  weigh  it ;  from  which  weight  deduct  100,  the  weight  of  the  pow- 
der. The  remainder  =  weight  of  water  in  the  bottle.  This  taken  from 
1000,  leaves  a  difierenoe  ^  to  a  volume  of  water  equal  to  the  powder  intrr- 
duced. 

Example.     In  specific  gravity  bottle  put  B'=  100  grains 

Filled  with  water,  the  contents  =  C  =  1060      " 

Deduct  100  from  1060,  leaves  weight  of  water  =  C  —  B  =      9B0      " 
This  last  sum  taten  from  1000,  leaves  1000  —  C  +  B  =  40      " 

Which  is  =  to  »  volume  of  water  =  to  the  powder. 

B 

40  :  1.  :;  100  :  2.5  ^  required  specific  eraTitv  = 

'  1000  +  B  —  C 
To  find  the  Specific  Oravity  of  a  powder  soluble  m  water.  Into  the  speciS 
gravity  botUe  introduce  300  grains  of  the  substance  soluble  in  water;  thsj 
fill  the  bottle  with  oil  of  turpentine,  olive  oil,  or  apirits  of  wine,  or  bo; 
other  liquid  which  will  not  dissolve  the  powder,  and  whose  specific  grsvil; 
ia  given;  weigh  the  contents,  from  which  deduct  100  grains.  The  re 
mainder  ^  the  weight  of  liquid  in  the  hottle,  which  taken  from  IM 
leaves  the  weight  of  the  liquid  =  to  the  bulk  oi  the  powder  introduced. 
Example.  In  specific  gravity  bottle  put  of  the  powder  :=  100  grains 
Fill  with  oil  of  turpentine,  whose  specific  gravity  =  0.874 

Found  the  weight  of  the  contents  800     " 

890  —  100  =  weight  of  oil  of  turpentine  in  bottle  =  700     " 

which  has  not  been  displaced  by  the  powder- 
But  the  bottle  holds  874  grains,  .-.  874  —  790  =  84 
That  is,  34  is  the  weight  of  a  volume  of  the  oil,  which  is  equal  to  the  vo 
ume  of  powder  introduced.     Consequently, 

874  :  1000  : :  84  :  96.1  =  weight  of  water  ==  to  the  volume  of  powd' 
introduced.  And  again,  as  96.1  :  100  ::  1  ;  1.04  =  required  speoi' 
gravity. 
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819a.    SPECIFIC    GRAVITIES   OF   BODIES. 


BTJBSTANCEa 

SpMlflc 
Onvily. 

foot  In  ib. 

BCBSTANOEB. 

Specific 
Oral 117 . 

Weight  of 
Mtinlb. 

Bmsa,  oommoD 

7820 
6978 
8788 
7207 
7788 
J 1352 
7833 
6861 
10474 
105U 

845 
700 

1331 
671 
657 
569 
540 
950 
580 

1338 

1063 
780 

1120 

872 
980 
M90 
760 
660 
654 
671 
750 

J900 
2784 
44] 
1980 
1984 

2282 
2628 

439.8 
654.8 
549,2 
450.1 
486.7 
709.6 
489.5 
428.8 
654,6 
666.9 

62.8 

43  8 

83.1 

41,9 

41.1 

85,6 

33,8 

59.4 

36.8 

83.3 

66,4 

46.8 

70 

58.2 

64.6 

61.3 

61.9 

47.5 

41,2 

34.6 

41.9 

46,9 

118,7 
174 
27.6 
120,6 

109 
112.3 
139,6 
164.2 

Mauslield  Baudalone. 

Unhewn  stoaea 

Hewn  freestone 

Coal,  bituminous.,,. 
Coal,  Newcastle 

1270 
1270 
1800 
1355 
1436 

2662 
2704 
2662 
2640 
2143 

3180 
3156 
804 
2686 
2649 
2708 
2484 
2416 
2428 
1800 
2600 
2672 
2510 
2038 

1000 
1026 

887 
1023 
1034 
1018 
1032 

185 
170 

79.8 

"    Maryland 

"    Anthracite 

Granite., 
Qramte,iiieanoF14. 
amnite,  Aberdeen... 

"     Cornwall 

•'      Suequehanna. 

84.6 

Silver,  not  hammer'd 
Woods. 

169 
164 
166.4 
169 

Ebony,  Americun.... 

"      Patapsoo 

165,7 

Limestone,  green..,, 
white- 

193.7 

Marble,  common 

167.9 

Mahogany 

"    Italian  white.. 
Mill-stome 

169.3 
156.8 

Sand 

112.5 

"  Adriatic 

"     wliite 

Walnut 

Orains  and  Liquidt 
Water,  diadlled 

62.5 

Stma,  Earlh,  ele. 

Barley 

48.01 

Charcoal 

Alcohol,  commercial 

"  brown":::;::;:: 

DorieyDale  do 

,075 

On*  ton,  or  S240  lb 

or 

Vufki: 

ublcfeet. 

N«n6  0tM.lerl.l.B 

Bed, 

I>rlDc»'H 

s 

12;87i 

11.278 
64.4W 

18:674 

Surface  or  ngetable  loil,  ,,. 

.16    " 

IJmMlon«,fliiedinpUoeB,.... 

Rock  broken  into  >m«i 
Kock  broken  to  pasg 

«D  inch  and  a  half  r 
Do.         do.           a  in 
Do.          do.           21 
One  cubic  ymrd  of  the 

above  weigh! 
Do.    to  paw  through 

Do,    to  paw  through 
ring, 

h^.'o'uT.l 

litoild. 

^j    ^     ^'Sp^lsh,  '  

Btt" 
JO" 

Aeh  and  Dintilo  oak 
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MECHANICAL    POWERS. 

Tbe  Meclmiiioal  Powers  are:  the  leTer,  inclined  plane,  wlieel  und  aile, 
the  wedge,  pulley,  and  the  screw. 
319c.     LeotTs  are  eitter  straight  or  beDt,  and  are  of  three  kinds. 


Laier  of  the  first  land  is  when  the  power,  P,  and  weight,  IV,  are  on  op 
posite  sides  of  the  fulcrum,  F.  Then  1' :  W  : ;  A  F  :  B  F,  which  is  true  fo 
the  three  kinds  of  levers,  and  from  which  we  find  PXBF  =  WXJi.r 

P  =  — ^ ,  and  W  =  -^ -.  (See  Fig.  I.) 

BF  AF  ^  *■      ' 

WXAF  PXBF 


Ltver  of  the  third  kind  (Fig.  III.)  is  when  the  power  is  between  the  ful- 
orum  and  the  weight.     Then  P  :  W  :;  A  F  :  B  F,  as  above. 

Hence,  we  have  the  general  rule ;  The  poiiier  is  to  the  iceight  aa  the  dis- 
tance from  the  aei^kl  to  the  fulcrum,  ij  to  the  dutancs  from  ike  power  to  Ihe^ 

fn  a  bent  lever  {Fig.  IV.),  instead  of  the  distances  A  F  and  F  B,  we  have 
(onae  Fa  and  F  b.  Then  P:  W::  Fa:  Fb;  or,  P  :  W :  r  F  A  X  cos. 
<  A  F  a  ;  F  B  X  cos.  <  B  F  b. 

Let  P  A  B  W  represent  a  lever  (se 
meet  in  C.  Now  the  forces  P  and  \ 
puling  through  the  fnlcrum  at  F. 

LetAr  =  a,BF  =  b,  <PAB  =  n,  ancl<ABW  =  in. 

P:  W::  b  Bin.  <m:  a  sio.  <  n; 

And  P  .  a  sin.  n  ^  W  .  b  sine  m. 


3I9(f.     When  the  lever  ii  of  the  tame  uniform  siie  and  weight.     Let  A  6  = 
» lever  whose  weight  is  w.  (Fig.  VL) 

Cote  1.    Let  tbe  centre  of  Rravitj,  f,  be  between  the  fukrum,  F.  nnd 
power,  P ;  then  we  haye,  bj  putting  Ff=d,  W-AF  =  P-BF  +  dw, 
W-AF— dw  P-BF+dw 

P  =  -  ■     ;.--„—-,  and  W  = T_^, 

BP  AF 
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MECHimCAL    POWEEB. 


Cnse  2.     When  the  centre  of  graTity,  f,  ia  between  (ho  fulorum  and  the 


W  =  - 


,  and  P  :: 


BF 


Example  from  Baker'i  Statica.  Let  the  length  of  the  lever  =  8  feet, 
A  F  =  a  ;  .  ■ .  B  F  =  6,  il8  weight  =  4  Iba,,  and  W  suspended  at  A  = 
100  lbs.  Required  the  weight  P  suspended  at  B,  the  besin  being  onifonn 
in  nil  respects.  We  have  the  centre  of  graTity,  a,  ^  4  feet  from  A,  and 
at  1  foot  from  F  towards  P.     Then,  by  case  1, 

„       W-AF  —  dw      100. 8  —  ly^      300  —  4 

P  =  -^^ =  - ^—  =  -^=59  1-5  Iba. 


8i9e.  Carriage  wheel  mfeting  an  obstruction  (see  Fig.  VII.)  is  a  lerer  of 
the  first  kind,  where  the  wheel  must  move  round  C. 

Let  D  W  C  =  a  wheel  whose  radius  =  r,  load  =  a  b  c  d  ^  W.  The 
ingle  of  draught,  P  Q  W,  ==  o.  and  C,  the  obatruotion,  whose  height  =  k. 
"  "  ^  "   1  be  drawn  at  right  angles,  to  O  W  and  OP.     Then 


Let  C  n  a 


eCOm 


(2r  — b).h  +  0q2  =  C0". 

(2  r  h  —  h^li  =  ^{C  0=  —  0  N*) 

Cn       v/[2rh  — h=] 


the  weight;  then  P  :  W  :;  C  n  ; 
;  and  by  Euclid,  B.  2,  prop.  5, 


When  the  line  of  draught  is  parallel  to  the  road,  then  C  m 
From  this  we  have  P  ;  W  ; :  /arh  — h*  ;  r  —  b, 
/(2  r  h  —  h 


ADdP  = 
Example. 


A  general  formula. 


A  loaded  wagoD,  having  a  load  of  8200  lbs.,  weight  of  wagon 

, a  horae-railroad,  wboae  rails  are  3  inches  above  the  street,  the 

diameter  of  the  wheel  being  60  inches.     Require  the  resistance  or  neaes- 
tary  force  to  overcome  this  obstacle. 
Total  weight  of  wagon  and  load,  4000  lbs.    Weight  on  one  wheel,  2000. 
.Aqx3       " 


.P  =  2( 


DX- 


9  lbs.,  which  ig  about  three  times 


the  force  of  a  horse  drawing  boriiontally  from  a  state  of  rest. 

Hence  appears  the  injustice  of  punishing  a  man  because  he  cannot  Ibbtb 
a  horse-railroad  track  at  the  sound  of  a  bell,  and  the  necessity  of  the 
local  nuthoriUes  obliging  the  railroad  companies  to  keep  their  rail  level 
fUh  the  street  or  road. 
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T2j4  UKOBIMICAL   FOWEBS. 

Of  the  Inclined  Plane. 

819/.  Let  the  base,  A  B,  =  b,  height,  B  C,  =  h,  and  length,  A  C,  i=  I. 
The  lint)  of  tmction  or  draught  must  be  either  parallel  to  tbe  base,  A  B, 
aa  W  ¥'  parallel  to  the  slant,  or  the  iDclined  plane,  aa  W  F,  or  make  an 
angle  a  nith  the  line  C  W,  W  being  a  point  on  tbe  plane  where  the  centre 
of  pressure  of  the  load  acta. 

When  t!ie  power  P'  acta  parallel  to  the  hajc,  we  hsTe — 

P':  W::  BCr  B  A::  h:b;  or, 

V:  W  ::  fline  <  B  A  C  :  sine  <  A  C  B. 
W.h  P'b 

P'  = ,  and  W  = . 


WAen  the  line  of  traction  makes  an  angle  a  viilh  the  tlani,  then 
P":  W  r;  sine  <  B  A  P"  :  oob.  <  P"  W  C,  from  which,  bj  alterna- 
tion and  iniersioD,  we  can  find  either  quantity. 

Example.  W  ^  20000  lbs.,  <  B  A  C  =  6",  <  P"  W  C  =  4°.  Re- 
quired the  sustaining  power,  V". 

sine  BAP"      W  sine  BAP  sine  4°  .06976 

p//  — =  — ^.— =  W.- ^W.— — 

P"WC  C08.<'P"WC  COB.  ti"  .99452 

1396.2 
=  — —  =  1413  Iba. 
.99452 

O/the  Wheel  and  Aik. 
319j.  When  the  aile  paaaea  through  the  centre  of  the  wheel  at  right 
anglcB  to  its  plane,  and  that  a  weight,  W,  ia  applied  to  the  axle,  aud  the 
power,  P,  applied  to  the  circumference,  there  will  be  an  equilibrium, 
when  the  power  is  to  the  weight  as  tbe  radius  of  the  axle  is  to  the  radius 
of  the  wheel.  Let  R  ;=  radius  of  the  wheel,  and  r  =  radius  of  the  axle, 
both  including  tbe  thiokneas  of  the  rope;  then  we  have 
P  :  W  ::  r  :  R;  from  which  wo  hafe 

Wr  PR 

PR=Wr,  ftndP  =  — ,  »ndW  =  — .  (A,) 

R  r 

Wr  PR 

R  = ,  and  r  = . 

P  W 

Compound  Axle  is  that  which  has  one  part  of  a  leas  radius  IhltD  the 
other.  A  rope  and  pulley  is  so  arranged  that  in  rising  the  weight,  W. 
tbe  rope  is  made  to  coil  on  the  thickest  part,  and  to  uncoil  from  the  thin- 
ner.    An  equilibrium  will  take  place,  when  2  P  •  D  ^=  W  (R  ^  r). 

D  =  distance  of  power  from  the  centre  of  motion.  R  ^^  radius  of 
thicker  part  of  axis,  and  r  =^  that  of  the  thinner, 

319A.  Toothed  Wheelt  and  Axla  or  Pinions.  Let  a,  b  and  c  be  three 
attes  or  pinions,  and  A,  B  and  C,  three  wheels. 
The  number  of  teeth  in  wheels  are  to  one  another  aa  their  radii. 
P:W::abc:ABC:  that  ia,  tbe  power  ia  to  the  weight  aa  the  product  of 
all  the  radii  of  the  pinions  is  to  the  product  of  all  the  radii  of  the  wheela. 
Or,  P  is  to  W,  as  the  product  of  all  the  teeth  in  the  pinions  ia  to  the 
product  of  all  the  teeth  in  the  wheels.  (B.) 

Eiampic  1.  A  weight  2000  lbs.  is  sustained  b;  a  rope  2  inobes  in 
diameter,  going  round  an  axle  6  inches  in  diameter,  th<  diameter  of  the 
vheet  being  8  feet. 


Prom  formula  A,   P  =  — -; 
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That  ifl,  P  =  — —^  =  163.20  lbs. 


Examplt  2.  Id  a  combiDatlon  of  vheela  ami  axlcg  there  are  giren  tlie 
radii  of  tbree  pinioDs.  i.  6  and  8  inches,  and  Che  radii  of  the  correspond- 
ing wheels,  20,  30  and  40  inches.  What  weight  will  P  =^  100  Iba.  sustain 
at  the  cirouniferenoe  of  the  aile  or  last  pmion. 

Bj  formula  B,    PABC^Wabc. 

_        P  A  B  C       100  X  20  X  30  X  40         „  ^^  ^ 

yf —  __.___  _ C: ^ ^ —  =  12500  tbs. 

Wabo  4X6X8 

0/the  Wedge.     (Fig.  IX,) 

319i.  The  power  of  the  wedge  increases  as  its  angle  is  acute.  Id  tools 
for  splitiing  wood,  the  <  A  C  B  =  30*,  for  cutting  iron,  50°,  and  for 
brass,  60°. 

P  :  W  ; :  A  B  :  A  C  ;  or, 

P  :  W  : :  2  sine  A  C  B  :  I. 

0/  ike  Pulleu.     (See  oeit  Fig.) 

31 9j.     The  pallej  is  either  fixed  or  moreable. 

In  afixedpulhy  (Fig.  I.),  the  power  is  equal  to  the  weight. 

In  a  single  moveable  pulley  (Fig.  II.),  the  rope  is  made  to  pass  under  tbe 
lower  pulley  and  oyer  the  npper  fiied  one.     Then  we  have  P  :  W  : :  1  r  2, 

When  the  upper  blocli  orsheeve  remains  fixed,  and  a  single  rope  ia  made 
to  pass  over  several  pulleys  (Fig.  IV.)— for  example,  n  pulleys— then 
W 

P  :  W  l:  1  :  u,  and  P  n  ^  W,  and  P  =  ~,  so  that  when  n  =  6,  the 

power  will  be  one-sixth  of  the  weight. 

When  there  are  several  pulleys,  each  banging  by  its  own  cord,  as  in 
Fig.  III.,    P;  W  :;  1  :  2n, 

Here  n  denotes  the  number  of  pulleys. 

Eiampie.  Let  W  =  1600  lbs.,  n  =4  pulleys.  Then  P  X  2*  =  W; 
that  is,  P  X  16  =  1600,  and  P  =  100  Itis, 


Of  the  Screw. 

3194.  Let  L  D  =  distance  between  the  threads,  and  r  =  radius  of  the 
power  from  the  centre  of  the  screw.     Then 

P:  W:;  d:  6.2832r. 

P  I-  X  6.2882  =  W  D. 

W  _  P  ■•  X  8.2832        ,      _      Wd 

d  '  ~  6.28^2  r' 

Example.  Given  the  distance,  70  inches,  from  the  centre  of  the  screw 
W  »  point  on  an  iron  bar  at  which  be  exerts  a  power  of  200,  the  distance 
wtween  the  eontigaona  threads  2  inches,  to  find  the  weight  which  he  can 
Wise.     Here  r  =  70,  d  =  2,  and  P  =  200  lbs, 

■BT  __  200  X  70  X  8-2832 
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319m.     Inlhi  Lever,  P:  W::  relooity  of  W  :  Telocity  of  P. 

In  the  Inclined  Plane,  yel,  P  :  vel.  W  ; ;  distaoco  drawn  on  the  plane  : 
the  he[ght  raised  in  tlie  same  time. 

Let  ttie  neigbt  W  be  moved  from  W  to  a,  and  raised  from  o  to  a;  then 
Tel.  P.  ;  vel.  W  : :  W  a  :  0  a.     (Pig.  VIU.) 

In  the  Wheel  and  Axle,  Tel.  P  :  yel.  W  ; :  radius  of  aile  :  rad.  of  wheel 
;  W  :  P. 

In  the  tingU  Moveable  FuUey.  yel.  P  :  t«I.  W  :  r  2  r  1  : :  W  :  P. 

In  a  system  of  Pulleys,  vel.  P :  vel.  W  : :  n  :  1  ; :  W :  P.  Here  n  =  num- 
ber of  ropea. 

In  the  Archimedean  Screto,  'el,  P  ;  Tel.  W,  as  the  radius  of  the  pener 
multiplied  by  6.2832  is  lo  the  diBtanoe  between  two  contiguous  threads. 
Let  R  =  radius  of  power,  and  d  =  distance  between  the  threads;  then 
Tel.  P  :  vel.  W  ::  6.2832  R  :  d  :;  W  r  P. 


3I9fi.  Friction  is  the  loss  due  to  the  resistance  of  one  body  to  another 
moTing  on  it.  There  are  two  kinda  of  friction — the  sliding  and  the  roll- 
ing. The  eliding  friction,  aa  in  (he  ioctined  plane  and  roads  ;  the  rolling, 
as  in  pulleys,  and  wheel  and  aile. 

Experiments  on  Friction  have  been  made  by  Coulomb,  Wood,  Rennie, 
Vinae,  Morin,  and  others. 

Those  of  Morin,  made  for  the  French  Government,  are  the  most  exten- 
sive, and  are  adopted  by  engineers.  When  no  oily  substance  is  interposed 
between  the  two  bodies,  the  friction  is  in  proportion  to  their  perpendicular 
pressures,  to  a  certain  limit  of  that  pressure.  The  fViction  of  two  bodies 
pressed  with  the  same  weight  is  nearly  the  same  without  regard  to  tbe 
surfaces  in  contact.  Thus,  oak  rubbing  on  oak,  without  unguent,  gave 
a  coefficient  of  friction  equal  to  OAi  per  cent. ;  and  when  the  surfaces  in 
contact  were  reduced  as  much  as  possible,  the  «oefGcient  was  0,41  jt. 

Coulomb  has  found  that  oak  sliding  on  oak,  without  unguent,  after  a 
few  ninutes  bad  a  Mction  of  0,44,  nnder  a  vertical  pressure  of  74  lbs, ; 
and  that  by  increasing  the  pressure  from  74  to  2474  His.,  the  coefficieni 
of  frictioD  remained  the  same. 

Friction  is  independent  of  the  velocities  of  the  bodies  in  motion,  but  ir 
dependent  on  Ibe  ungaents  used,  and  tfae  qnantity  supplied. 

Morin  has  found  that  hog's  lard  or  olive  oil  kept  continaougly  on  wooc 
moving  on  wood,  metal  on  metal,  or  wood  on  metal,  have  a  ooefGcieut  o 
O.07  to  0.08 ;  and  that  tallow  gave  the  same  result,  except  in  the  case  o 
metals  on  metals,  in  which  case  be  found  the  coefficient  0.10. 

Differtnt  woodi  and  metale  sliding  on  one  another  have  less  fVictiol 
Thus,  iron  on  copper  has  less  ti'ictioD  than  iron  on  iron,  oak  on  beach  ha 
l«a9  than  oak  on  oak,  etc. 

The  angle  of  friction  is  =  <  B  A  ( 
the  anneied  figure,  where  W  represents 
the  weight,  kept  on  the  inolined   plane   I 
A  C  by  its  friction.     Let  G  =  centr 
grarily;  then  the  line  I  K  represents  the  I 
weight  W,  in   direction  of  the   line  of  I 

fravitj,  which  is  perpendicular  to  A  ~ 
L^  the  pressure  perpendicular  to..  ., 

and  1 14  ^  L  K  ^  the  friction  or  weight  sufficient  to  keep  th«  weight 
on  the  plane.     The  two  triangles,  A  B  C  and  I  E  L  are  similar  t^  "' 
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mother;  -■.  KL:LI:lBC:AB::  tho  altitude  to  the  bwe.  Aiao, 
KL:KI::BC:AC. 

In  the  first  equation,  we  hava  the  force  of  friction  to  the  pressure  of 
the  weight  W,  as  the  height  of  the  ioclined  plaue  is  to  its  base, 

lu  the  aecoud  equation,  Tfl  have  the  force  of  friotion  to  the  weight  of 
the  bodj,  as  the  height  of  the  plane  is  to  ita  length. 

Henoe  it  appeara  that  by  increHsiug  the  height  of  B  C  from  B  to  a  cer- 
tain point  C,  at  which  the  body  begins  to  slide,  that  the  <  of  friction  or 
resistance  is  =  <  B  A  C. 

That  the  Coefficiail  0/  Friction  is  the  tangent  of  <  B  A  C,  and  is  found 
by  dividing  the  height  B  C  by  the  base  A  B. 

Anglt  of  Repose  is  the  same  as  the  angle  of  friction,  or  the  <  B  A  C  ^ 
the  angle  of  reaistance. 


819o.     Frktion  of  Plan 

Sarfacei  having  been  lome  in  Contact 

EurAuH  in  Contact. 

SlEpOSiliOD  ct 

the  Fibres. 

Sicea.* 

Ill 

Angle  of 
Rep™. 

Without  nnguenl 

0.43 

o!« 

0.67 
0.18 

o:8o 

o!62 

o!io 

0,1s 
o!4B 

flat  of  other... 
pS^i^oiirii 

ilSi^;iVnpi,: 

FalSl^] 

„?.:::::::: 

Without  unguent 

do,          do. 

WItUaoap. ....... 

Without  unjueut 
do.           do. 

do.           do. 
do.           do. 
do.           do. 
do.           do. 

s«^  ,.  ™„ 

Without  unnuent 
do.           do. 

With  tallow 

Hog',  lard 

u  on  oat 

BUolc  strap  le-ther  upon  oak 
He           rd  u        0^™"° 

oii 

£5  11 

ley 

■} 

ck 

Soft  oaleareousttoiie  upon  hai 

g™ 

Hard  poHihed  calcareous  ston 

hard  poliibed  oalcareOM  stone. .. , 

Bo.,  with  fr^  mortar.... 
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819p.     Friction  of  Bodiei  in  Motion,  one  upon  anaihrr. 

Boilkcei  In  Contact. 

Dlipultbn  Df 
the  tlbree. 

Stat,  of  the  8ui- 
hcei. 

ill 

AuRleaf 
RepoB. 

Parallel 

Perpendioiiiiu'!'. 
Pandlel 

do!   !!!!!!!! 

"-■.ire'wiiv"" 

do.     do. 

Without  unguent 
Eubbed  with  soap 
Without  unguent 

do!          da! 
Bubbed  with  dry 

o!i6 

o!4B 
0.46 

o.n 

a 

0.16 

152 

do.           So. 

do          do. 

With  oil 

Tu-ned  leather  upon  oak 

39  16 
a  32 
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3]9g,     IViclion  of  AxUs  in  motion  on  their  bcanrxgt. 
Cast  iron  nztes  in  sume  bearings,  greased  in  the  usual  na.;  vitb  hog's 

lard,  gives  a  coefficient  of  friction  of  0.14,  but  if  oiled  coatiDuoaelj,  it 

gires  aboat  0.07. 

Wrought  iron  aileo  in  cast  iron  bearings,  giTes  as  above,  .07  and  .06, 
Wrought  iroQ  axles  Id  brass  bearings,  as  above,  .09  and  .00. 


3I9r.  Nominal  horse  paa-tr  is  that  which  is  capable  of  raising  33,000 
pounds  oue  foot  high  in  one  minute.  The  English  and  American  engi- 
neers have  adopted  this  as  their  standard ;  but  the  French  engineers 
have  adopted  32,560  lbs.  Experiments  have  proved  that  both  are  too 
high,  and  that  the  average  power  is  22,000  lbs. 

The  rollowing  tables  are  compiled,  and  reduced  to  Enf 

from  Morio's  Aide  Memoire: 


Work  done  hy  Man  and  Horse  moving  hoTiiontally. 


A  man  unloaded 

A  laborer  with  a  small  tv)o-wheel  cart,  going  loaded 

and  retaroiDg  empty. 

Do.  with  a  wheelbarrow  as  above 

Do.  walking  loaded  on  his  back 

Do.  loaded  on  his  back,  but  returning  unloaded. 

Do.  carrying  on  a  haodbarrow  as  above 

A  horse  with  a  cart  at  a  pace  continually  loaded. 

Do.     do.     returning  unloaded 

Do.  with  a  carriage  at  a  constant  trot 

Do.  loaded  on  the  back,  going  at  a  pace 


1018&4 
56579 

101891 
17467 


319).    Work  done  by  Han  in  moving  a  body  verticaUy. 

Man  ascending  an  inclined  plane 

Do.   raising  weight  with  a  cord  and  pulley,  the  cord 

descending  empty 

Do.  raising  weight  with  his  hands 

Do.  raising  a  weight,  and  carrying  it  on  bis  back  to 

the  top  of  an  easy  stwrway,  and  returning  empty. 
Do.  shovelling  earth  to  a  mean  beight  of  1.60  metres 


319(.     Action  on  Machinei. 


'  -:li  ■ 


A  man  acting  on  a  wheel  or  drum  at  a  point  level 

with  the  aile 

Do.  acting  at  a  point  below  the  axle  at  an  <^  of  24°.. 

Do.  drawing  horizontally,  or  driving  before  him 

Do.  acting  on  a  winch 

Do.  pushing  and  drawing  alternately  ta  vert,  position 
A  horse  harnessed  to  a  carriage  and  going  at  a  pace.. 
Do.  harnessed  as  a  riding  horse,  going  at  a  pace... 


5.60 
63         : 
40.50 
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ROADS  AND  STREETS, 

3i9u.  Roman  roads  were  made  to  connect  dialant  cities  with  the  Im- 
perial Capital.  In  low  and  level  grouniJa,  they  vrcre  elevated  above  the 
adjoining  lands,  and  made  as  follows : 

1st.  The  Statumtn,  or  foundation — all  soft  matter  was  removed. 

2d.   The  Rwieratio,  composed  of  broken  stones  or  earthenware,  etc., 

Sd,  The  NiKtms,  being  a  bed  of  mortar.  % 

4th.  The  Summa  Crtata,  or  outer  coat,  composed  of  bricks  or  etones. 
Near  Rome,  the  upper  coat  wae  of  granite;  io  other  places,  hard  lava, 
so  closely  jointed,  that  it  was  supposed  by  Palladio  that  moulds  were  used 
for  each  stone  or  piece. 

The  Caralor  Viarant,  or  superintendent  of  tighwajs,  was  an  officer  of 
great  influeDce,  and  generally  conferred  on  men  of  conjular  djgmli)  after 
Julius  0/Esnr,  who  held  that  office,  assisted  by  his  colleague,  Tkernui,  a, 
noble  Roman.  Vieleriut  ifarctUus,  of  the  prtetorian  order,  had  been  se- 
leoCed  to  this  office  by  the  Emperor  Uomitian.  These  are  but  a  few 
instances  of  the  many  in  which  men  of  the  highest  position  in  society 
became  Carator  Vtarum — or,  as  the  Americans  call  him,  commissioner 
of  highways,  or  path  master. 

The  Appiart  Way,  called  also  Queen  of  the  Roman  ways,  was  made  by 
Censor  Appius  Cscus,  about  all  years  before  the  Christian  era,  and  built 
then  as  far  as  Capua,  125  milesj  but  subsequently  to  Brundusium,  about 
th    y       BC   "4^      "Th    App-a    Way  w        fa      ffi'     t  w"d  h  (18  I 
a     w   w  ag         pa        w      mad        ha  d       n      qua    d 

and  rad  fi  jA  OOyabu  gnfwa 

app  a         E 

C  ds        k  »m  *i  w    a      mm  n  y  used  by   h    Romans 

P  w        bua        Hnndtanstoaffdsh  to    he 

Romnn  Military  roads  were  33  to  40  feet  wide,  of  which  the  middle  16 
feet  were  paved.  At  ea«b  side  there  was  a  raised  path,  2  feet  wide,  which 
again  separated  two  sideways,  each  8  feet  wide. 

The  breadth  of  the  Roman  roads,  as  prescribed  by  the  laws  of  the 
twelve  tables,  was  but  8  feet;  the  width  of  the  wheel  tracks  not  above  3 
feet.  There  were  twenty-nine  military  roads  made,  equal  in  length  to 
48500  English  miles. 

The  Carthaginians,  according  to  Isadore,  were  the  first  who  paved  their 
publio  ways. 

The  Gretks,  according  to  Strabo,  neglected  three  objects  to  whioh  the 
Romans  paid  especial  attention:  the  cloaae,  or  cooimon  sewers,  the  aqne- 
dncts,  and  the  public  highways.  The  Greeks  made  the  upper  part  of 
their  roads  with  large,  square  blocks  of  atone,  whilst  the  Romans  mostly 
used  irregular  poiygona. 

The  French  roads  are  from  30  to  60  feet  wide,  {be  middle  16  feet  being 
paved ;  but  once  a  vehicle  leaves  the  psTement,  it  becomes  a  matter  of 
much  difficulty  to  eilricate  it  from  the  soft  surface  of  the  aides.  To 
obviate  this  difficulty,  the  system  of  using  broken  atonea  is  now  generally 
adopted,  and  has  been  used  in  France,  under  the  direction  of  M.  Turgos, 
"  long  time  before  McAdam  introduced  it  into  England. 
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The  Gtrman  roada  resemble  thoae  of  France, 

The  Belgium  Toadi  h&ve  their  surfaces  composed  of  thin  brick  tiles, 
which  answer  well  for  light  work. 

Sweden  has  long  been  farooua  for  her  eicellcnt  roods  of  stone  or  griTel, 
on  whicb  there  is  not  a,  singte  tailgate.  £acb  landowner  is  obliged  to 
keep  in  repair  a  certain  part  of  the  road,  in  proportion  to  his  property, 
wLose  limit  is  marked  by  land  marks  on  each  side  of  the  road. 

The  English,  Irish  and  Scoteh  roadi  are  now  genernllj  made  of  broken 
etones,  or  macadamised  ;  are  25  to  fiO  feet  wide  :  well  drained — having 
Alhe  centre  12  iDches  higher  than  on  the  aides,  in  a  road  40  feet  wide,  and 
in  proportiou  of  3  inches  in  10  feet  wide ;  the  stones  broken  so  as  to  pass 
through  an  inch-aod-half  ring.  For  the  purpose  of  keeping  them  in  re- 
pair, there  are  depon,  or  heaps  of  broken  atones,  at  intervals  of  600  feet. 
When  n  small  hole  makes  its  appearance,  a  man  loosens  the  stones  around 
the  spot  to  be  repaired,  aud  then  fills  it  up  with  new  material,  which  soon 
becomes  as  when  originall;  made. 

Arthur  Young  states  that  it  was  not  nntil  1660  (hat  England  took  an 
interest  in  her  roads.  (See  EnoyciopEediiL  Britannica,  <ol.  lii,  p.  52S.) 
In  bis  tour  through  the  British  Isles  In  1770,  he  slates  that  Ireland  then 
had  the  beat  roads  in  Europe.  This  is  not  lo  be  wondered  at,  when  we 
consider  that  there,  granite,  limestone  and  gravel  bed?  are  abundant; 
that  since  the  beginning  of  tbe  reign  of  Charles  I,  the  roads  were  under 
the  charge  of  the  grand  jbtj.  There,  good  roads  must  hare  existed  at  a 
very  early  date,  as  the  stones  of  which  the  round  lowers  are  built  are 
large,  and,  in  some  places,  bate  been  brought  from  a  great  distance. 

Many  of  the  Engl  sb  and  Irish  highways  were  turnpike  roads;  that  is, 
roads  haT  ng  tollgatea  Since  the  introduction  of  railways,  these  haye 
been  fall  ng  ff  n  revenue.  In  a  parliamentary  inquiry  into  turnpike 
trusts  n  Ireland  the  unanimous  testimony  of  all  the  witnesses  eiamined 
were  aga  nst  them  and  in  favor  of  having  them  kept  in  repair  by  pre- 


Preeentment  is  where  the  grand  jury  receives  proposals  to  keep  road  R, 
blank  miles,  from  point  A  to  point  B,  in  repair,  according  to  the  specifi- 
cation of  the  county  surveyor,  during  time  T,  at  the  rate  of  sum  »  per  rod, 
subject  to  the  approval  of  the  county  surveyor,  who  has  the  general 
supervision  of  all  the  public  works,  and  are  gentlemen  of  integrity  and 
high  scientific  attninments.  The  work  on  hydraulics  by  Mr.  Neville, 
coanty  surveyor  for  Louth,  and  that  on  roads  by  my  school -fellow,  Ed- 
mond  Leahy,  county  surveyor  for  Cork,  are  generally  in  tbe  hands  of 
every  engineer. 

By  the  parliamentary  report  for  1839-40,  England  had  21962  miles  of 
turnpike  trusts.  The  tolls  amounted  to  £1,776,586 ;  the  eipendiiure  for 
repairs  and  officers,  £1,780,349,  leaving  a  deficiency  of  £3,763.  The 
same  deficiency  appears  to  take  place  on  the  Irish  roads. 

In  England,  the  parish  roods  equal  104772  miles,  costing  annually  for 
highway  rates  £1,168,207.  The  number  of  surveyors  and  deputy  sur- 
Tayors,  or  way-wardens,  is  20000,  or  one  way-warden  to  every  SJ  milfs 
of  road.  It  was  then  shown  that  the  trusts  hod  incurred  debts  to  the 
enormous  amount  of  £8,577,132. 

Under  the  new  system,  one  man  keeping  a  horse  is  supposed  to  take 
chat^e  of  40  miles  of  road. 
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Making  and  Repairing  Macadamised  Roadt. 

319f7.  The  road  bed  shonld  bave  a  curved  surface  of  about  1  foot  rise 
for  40  feet  wide,  be  a  segment  of  a  circle,  and  bave  at  least  12  incbes  of 
Etoaes  on  tiie  centre,  and  8  to  10  on  the  sides,  both  of  wbicb  are  to  be  on 
tbe  same  level.  When  tlie  stones  are  well  incorporated  with  one  a-Dother, 
a  layer  of  sand,  1  inob  ia  tbicknesa,  is  spread  on  tup.  Tbe  b«d  must  be 
tboroiigbly  drained,  and  tbe  water  made  to  flow  freelj  in  the  Bdjoinln^ 
ditches.  The  orerseers  should  never  allow  anj  water  to  accumulate  on 
tbe  road,  and  eiery  appearance  of  a  rut  or  tiole  immediately  cbeofaed. 
Where  there  is  frost,  it  is  liable  to  disiotegrate  tbe  road  material,  unless 
it  ia  built  of  very  compact  stuff.  lu  boggy  land,  a  soling  of  12  to  IS 
inebea  of  stiff  clay  must  be  laid  under  the  broken  stone.  Where  tbe  bot- 
tom is  sandy,  and  stiff  clay  bard  to  be  procured,  rough  pavcmeols  or 
concrete,  from  6  to  12  inches  thick,  under  the  broken  stones,  will  be  tbe 
best.  In  general,  wbere  the  soil  is  well  drained,  broken  stones  will  be 
sufGcient.  Tbe  road  is  never  to  have  less  than  8  inches  on  tbe  centre  and 
4  on  the  sides.  All  large  stones  raked  to  the  sides,  and  broken,  Bo  as  to 
pass  through  a  ring  I  J-  inches  in  diameter.  Tbe  surface  always  kept  uni- 
form. The  English  and  Irish  roads  are  generally  25  feet  between  the 
ditches,  but  in  approaches  to  cities  and  towns,  they  are  40  to  50  feet. 
On  tbe  Irish  roads,  no  bouse  is  allowed  nearer  than  80  feet  of  the  centre 
of  the  road. 

To  allo«/for  shrinkage.  Mr.  Leahj,  in  Lis  work  on  roads,  p.  100,  sayBi 
In  bog  stuff,  add  one-/ourCh  of  ila  intended  height ;  if  the  road  is  of  clay 
or  earth,  add  one-lwelfih. 

When  tbe  road  passes  through  boggy  land,  the  side  ditches,  or  drains, 
must  be  dug  to  a  depth  of  4  feet  below  the  surface  of  the  road,  and  bave 
parallel  drains  running  along  jfc  the  direction  of  the  rotid,  ftbouC  40  feet 
CQ  each  side.  In  this  manueWFoads  bave  been  made  over  the  softest 
bogs  in  Ireland.  Ou  tbe  Milwaukee  and  Mississippi  Eailroad,  near  Mil- 
waukee, a  part  of  the  road  passed  over  tbe  Menomenee  bottoms.  After 
several  weeks  of  filling,  tbe  company  was  about  (o  relinquish  that  part  of 
tbe  route,  for  all  the  work  done  during  the  week  would  disappear  during 
Sunday.  Tbe  author  being  employed  as  city  engineer  in  tbe  neighbor- 
hood, saw  the  respective  officers  holding  a  consultation.  He  came  up, 
and  on  being  asked  his  opinion,  replied:  "  Imitate  nature;  first  lay  on 
a  layer  of  brushwood,  1  foot  thick;  then  2  feet  of  clay,  and  so  on  alter- 
nately."    The  plan  was  adopted,  and  baa  succeeded, 

W'bere  the  road  is  wet  and  springy,  cross  drains  filled  with  stones  are 
to  be  made,  to  connect  with  the  side  drains  or  ditches ;  and  if  made  within 
60  or  60  feet  of  one  another,  will  be  sufficient  to  drain  it. 

Where  the  road  runs  along  a  sloping  ground,  catch-water  drains  should 
be  run  parallel  with  the  road,  so  as  to  keep  off  the  hill  water. 

Retaining  walls  should  have  a  batter  or  slope  of  8  inches  to  each  foot  in 
height,  and  the  back  may  be  parallel  to  the  same.  The  thickness,  2J  feet 
for  10  feet  in  height,  and  in  all  other  cases,  the  thickness  shall  be  one- 
fourth  of  the  height.  Au  offset  of  8  incbes  should  be  left  at  front  of  the 
footing  course,  and  tbe  foundation  cut  into  steps.  Where  aueb  walls  are 
Along  water  coarses,  tbe  foundation  should  be  I£>  inches  below  the  bottom 
of  tbe  water,  and  paved  along  the  side  to  a  width  of  18  inches  or  2  feet 
The  filling  behind  is  put  in  in  layeiSi  and  lunmed  in. 
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Parapet  wall)  should  be  20  incbea  thick  and  3J  feet  high,  bnilt  of  ma- 
sonry luid  in  lime  mortar,  id  courses  of  12  or  14  inches,  the  top  course  or 
coping  to  be  semicircular,  and  have  n  thorough  bond  at  every  3  feet. 

Where  drains  are  covered,  dry  masonry  nalla,  covered  with  flags,  are 
preferable.  Where  the  nidth  of  the  drain  is  not  more  than  30  inchea, 
these  draiua  will  require  flags  6  inches  thick ;  those  between  18  and  24 
inches  are  to  have  flags  5  ioches  thick ;  and  those  from  8  to  18  incbea, 
require  flags  4  inchea  thick. 

Drainage.  Wbeu  the  road  runs  along  a  bill,  cut  a  drain  parallel  to 
the  road,  and  3  Co  4  feet  below  the  surface  ;  then  cut  auother  of  smaller 
dimenaiona  near  the  road,  and  eunk  below  the  road-bed.  Again,  at  every 
60  or  100  feet,  aink  crosa  drains,  nbout  16  to  24  inches  below  the  road- 
bed ;  fill  with  broken  stones  to  wilhin  B  inches  of  the  top,  which  apace  of 
&  inches  is  to  be  filled  with  small  broken  stones  of  the  usual  size  in  road 
making— these  cross  drains  to  commnnicate  with  a  ditch  or  drain  on  the 
lower  side  of  the  road,  to  keep  it  dry. 

Drain  hptei,  about  100  feet  apart;  8  inches  square,  and  about  2  inches 
under  the  water  table  of  the  draiii ;  ma;  be  made  of  4  Sag  stones,  drain- 
ing tilea,  or  pipes. 

Road  Materials.     Granite  is  the  beat. 

Sienile  is  granite,  in  which  hornblende  is  mixed.  This  is  very  durable, 
and  resists  the  action  of  the  atmoaphere.  This  stone  has  a  greenish  color 
when  moistened. 

Sandstone,  if  irapregnaled  with  silica,  is  hard,  and  makes  a  good  ma- 
terial. Some  varieties  are  composed  of  pure  ailei,  which  makes  an  ex- 
celteot  material ;  but  others  are  mixed  with  other  substances,  which  make 
the  atone  porous,  and  unfit  to  be  used  by  the  action  of  frost,  it  easily 
disintegrates,  ^k 

Limestone  has  a  great  affinity  for  water^hich  it  imbibes  in  liirge  quan- 
titles.  If  frozen  in  this  condition,  it  is  easiiy  crumbled  under  the  wheels 
of  carriages,  and  becomes  mud.  Hence  the  great  necessity  of  keeping  a 
road  made  with  broken  limestone  thoroxighly  drained,  in  ail  places  where 
frost  makes  its  appearauce.  There  is  nothing  more  injurious  to  roads 
than  frosts. 

Stones  having  fine  granular  appearance,  and  whose  specifio  gravitj  ia 
considerable,  ma;  be  considered  good  rood  material. 

Experiments  made  by  Mr,  Walker,  civil  engineer,  during  seventeen 
months  of  1830  and  1831,  on  the  Commercial  Boad,  near  London,  will 
Bhow  the  quality  of  the  following  stonea:  (See  TratuacUona  Intt.  Ci'H 
Engineers.  Vol.  1.) 


Dascriptlon  of  Stone. 

WWp«e.™.. 

Id 

1  inch  -ould 
we.r  down. 

.207  inches. 

.060 

.075 

.131 

.141 

.159 

.225 

.082 

6.8  years. 
22.6 

Guernsey 

Herm,  near  Ouernaey,. 

Heyton 

10. 

Whinalone 

Budle 

17.33      _ 
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CornUli  gra.iiite 14302 

Dundee  BBDiistoDe 14018 

CraigUitti  gritstone,  with  the 

strata 16560 

DeTonsbire  reij  marble,  Turi- 

egated 16712 

Campaot  limestoae 17354 

Penryn  grnnite 17400 

Peterhead  "    close  graiQed...l863S 
BlAck  ooQipact  Limerick  lime- 
atone 19924 

Black  Brabant  marble 207ft 

Very  hard  fi-eeslone 20254 

Wblte  Italian  veined  iDiirble...207B3 
Aberdeen  graoite,  blue  kind. -.24556 

Valencia  slate 26656 

Dartmoor  granite 27680 

Heyton  granite 81860 

Herm  granite,  nearCluemsey.. 38600 
naked  euiface,  on  account  of  its 
s  made  over  a  hard  surface.  It 
has  been  found  that  on  the  road  near  Bridgewat«r.  England,  the  part  over 
a  rooky  bed  nears  7,  when  that  over  a  naked  surface  wears  5. 

The  covering  of  broken  stones  is,  in  the  words  of  McAdam,  intended 
to  keep  the  road-bed  drj  and  even. 

Some  of  the  materiai  used  on  the  loads  near  London  are  brought  from 
the  isle  of  Guernsey  and  Hudson  Cay. 

Weight  of  vehicles,  -width  of  lien,  and  velocily,  have  great  iufiuence  on 
the  wear  of  roads.  In  Ireland,  two- wheeled  wagons  or  carls  are  generally 
need— the  weight  6  to  8  ewt.,  and  load  22  to  25  cwt.,  making  a  gross  load 
of  about  30  cwt.  In  England,  four-wheeled  wagons  are  generally  used, 
and  weigh,  with  their  load,  from  5  to  6  tons;  therefore,  the  pressure  of 
these  vehicles  is  as  1660  to  8320,  on  any  given  point. 

It  is  evident  that  when  Ihe  vehicle  is  made  to  ascend  a  large  stone,  that 
in  falling,  it  acquires  a  velocity  which  is  highly  injurious  lo  the  road,  and 
that  there  should  not  be  allowed  any  stone  larger  than  IJ  inches  square 
on  the  surface. 

TabU  of  Uniform  Draught. 


.  1127 
.  1266 

Brick,  pale  red  color 

Red  brick,  mean 

.  1811 

.  225^ 

Derby        •'          and  liable 

sandstone 

707( 

Do.  from  another  quarry 

.  977* 

White  freestone,  not  stratified.  1026^ 

Portland  stone 

.10284 

Humbic  gritstone 

.10371 

Craigleith  white  freestone  ... 

.12346 

Yorkshire  paving,  with  strats 

.12856 

White  statuary  marble,  no 

13632 

Bratnbyfal]    sandstone,    near 

Leeds,  with  strata 

13632 

A  road  made  over  well  dried  bogs 
elasticity,  does  not  wear  as  fast  as  rt 


Close,  firm  stone  pavi: 

Timber  paving 

Timber  trackway 

Cot  Btone  trackway... 
Iron  tramway....; 


E^lanalion.    If  a  power  of  90  ft 
Btone  road,  it  will  move  the  eame  weight  on  a 
inclined  plane  of  1  in  28}. 


u4g.5 
n41.5 
n  81.68 


in  on  a  level,  broken 
1  rulway  having  an 
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The  power  required  to  move  a  wheel  on  a  well  made,  lerel  road, 
depends  on  tbe  frictioa  of  the  axles  ia  their  boxea,  nnd  to  tbs  reaietaDM 
to  rolling. 

When  the  axles  are  well  made  and  oiled,  the  friction  is  laken  at  one- 
eighteenth  of  Che  pressure;  but  in  OFdinarf  cases,  it  is  taken  at  one-tvelfth, 


Xt 


Here  power  is  that  force  which,  if 
=  diameter 


W 
=;  — ,  and  power  :^       ,,      _ 

12  "  12      d       12  d 

applied  at  the  tier,  would  juat  cause  the  wheel  to 
of  the  aiis.  and  d  =  diameter  of  the  wheel. 

The  foUowidg  is  Sir  John  McNeill's  formula,  given  in  bis  e-vidence  be- 
fore a  committee  of  the  House  of  Lords,  for  the  draught  on  common  roads : 


w^ 


.p  =  - 


40 


+  0  V.      Here  W  =  weight  of  the  wagon,  ■ 


weight  of  the  load,  V  =  velocity  in  feet  per  second,  and  c  =  a  constant 
quantity  derived  from  experiments  on  level  roads. 

For  a,  timber  surface ^ 

"     paved  road 2 

"     a  well  made  broken-stone  road,  in  a  drj  state 6 

"               "                    "               "      covered  with  dust 8 

"              "                    "              "      wet,  and  eovered  with  mud 10 

"     gravel  or  flint  road,  wb en  "Bet 13 

"                "              •'     very  wet,  and  covered  with  mud 32 

Let  W  =  720,  w  =  3000,  paved  road ;   let  V  =  4  feet.     Here  c  =  2, 

and  we  have— 

720  +  3000       3000 

P  ^  40  -|-  75  4-  8  =  123  =  draught,  or  the  force  necessary  to  over- 
come the  combined  friction  of  the  aile  in  the  box  and  the  wheel  in  rolling 
OD  the  surface.  This  force  is  one-thitUeth  of  the  total  load  of  weight  and 
wagon. 

By  McNeill's  Improved  Dyitamomeler,  the  following  results  have  been 
obtained.     Weight  of  wagon  and  load  ^  21  cwt. 

Kind  of  Rosd.  Force  In  fta.      D«ufht  to 

Gravel  road  laid  on  earth 147  ^ 

Broken  stones 65  =  l-86th  " 

"  on  a  paved  foundation 46  =^  l-51st  " 

Wel^made  pavement 83  ~  l-71st  " 

Best  stone  track  ways 12}=  l-179th 

Best  form  of  railroad 8  =  l-SeOch 

Jf.  PonceUl  gives  the  following  value  of  draught  or  foroe  to  overcome 
friction : 

On  a  road  of  sand  and  grave! l-16th  of  the  total  load. 

On  a  broken  stone  road,  ordinary  condition l'26th  " 

"  "  in  good  condition l-67th  " 

On  a  good  pavement,  at  a  walk l-54th  ,  " 

at  a  trot. I-42d 

On  a  rood  made  of  oak  planks , l-98th  " 


-16th  of  the  load. 
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Table  showing  the  Length)  offforiiantal  Line)  Equivalent  to  several  Ascend' 

ing  and  Descending  Planes,  the  Length  of  the  Plane  being  Unity. 

In  calculating  this  table,  Mr.  Leahj  has  asaumed  thnt  an  ordinary 

horse  works  8  hours  per  day,  and  draws  a  load  of  3000  pounde,  including 

the  weight  of  the  wagon,  making  the  net  load  1  ton. 


Hla(.i^  L!l«^ll. 

A.l^l.  of 

B*=ord-.r 

isisnd'K. 

Dosc'nd'g 

£l'.allan 

6 

3.27 

10 

4.1S 

1.65 

2.85 

6.07 

5  42  88 

15 

2.90 

1.06 

2.23 

4.39 

S48  51 

20 

2.08 

0,83 

1.93 

0.07 

3,54 

2  51  21 

25 

1.66 
T55" 

0.70 
-04- 

1.74 

0.26 
"0:39" 

3,04 

— 

2  17  26 

30 

i.ea 

1  54  37 

35 

1.46 

0,77 

1.53 

0.47 

2.46 

1  3814 

40 

1.40 

0,79 

1.40 

0.54 

2.27 

125  57 

45 

1.35 

0.81 

1.41 

0.59 

2,13 

1  16  24 

SO 

1.31 

0.83 

1.37 

0.63 

2.02 

1    8    6 

65 

i.aa 

"OT 

T34- 

0.66 

"or 

"^W 

r^2TIO 

60 

1.26 

0.85 

1.81 

0.69 

0.15 

0  67  18 

65 

1.24 

0.86 

1.29 

0.71 

1^78 

0  62  64 

70 

1.22 

0.87 

1.72 

0.27 

1.27 

0:73 

0  49    7 

75 

0.32 

1,25 

0.75 

0  45  51 

"80" 

~TW 

1.64 

"0:86" 

1.23 

0.77 

0  42  58 

85 

1.60 

0,40 

1.22 

0.78 

0  40  27 

90 

1.17 

0.89 

1.57 

0.43 

1,21 

0.79 

0  38  12 

95 

1.64 

0.46 

1.20 

0.80 

0  86  11 

100 

1.15 

O.90 

1.51 

0,49 

1.19 

0.81 

0  84  23 

"TTO" 

TTir 

0.55 

TjT 

-o:sr 

0  3115 

120 

143 

0.58 

1.16 

0  28  39 

130 

1.39 

0.61 

1.14 

0.86 

0  26  27 

140 

0  64 

1.18 

0.87 

0  24  83 

150 

1.10 

0.92 

1.34 

0,66 

1.12 

0  22  55 

160 

1.82 

TT^r 

0.88 

0  2129 

170 

1.30 

0,70 

i!ii 

0.89 

0  20  13 

180 

1.28 

0.72 

1.10 

0.90 

0  19    6 

.  190 

1.27 

0.78 

1.10 

0.90 

0  18    6 

200 

1.07 

0.93 

1.26 

0.76 

1,09 

P.  91 

017  11 

210 

TmT 

0.76 

—  09- 

0.91 

0  16  22 

1.23 

0.77 

1.08 

0.92 

0  16  37 

230 

1-22 

0.78 

1.08 

0.92 

0  14  57 

240 

1.21 

0.79 

1.08 

0.92 

01419 

250 

1.20 

1.07 

0.93 

0  13  45 

"260" 

"T^fT 

"Oo" 

XoT 

0.93 

0  13  13 

270 

1.19 

0,81 

1.07 

0.93 

0  12  44 

280 

1.18 

0.82 

1,07 

0.94 

0  12  17 

290 

1.18 

0.82 

1.06 

0.94 

on  51 

300 

1,17 

0,83 

106 

0.94 

0  1128 

350 

TjT 

"OT 

1.05 

-0:95- 

0    9  49 

400 

1.13 

0.87 

1.05 

0.95 

0    8  36 

460 

1.11 

0,89 

1.04 

0.96 

0    7  88 

500 

1.10 

0.90 

1,04 

0.96 

0    6  63 

650 

0-9 1 

0,97 

0    6  15 

600 

1.09 

0.92 

im 

0.97 

0    5  44 

Presiure  of  a  load  on  an  inclined  plane  is  fonnd  by  multiplying  the 
■weight  of  the  load  by  the  horizontal  distance,  and  diiiding  the  product  by 
the  length  of  the  inclined  plane. 

CoTTollary.  Hence  appears  that  on  ao  inclined  plane,  the  pressure  is 
loss  than  the  weight  of  the  load, 
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T.b,.,..„d. 

Bontaa  ptjoed  oier. 

P«.„™ 

pouDds. 

dnugbt 

Artillery  mamunition  wagon, 

1   Broken    atone,   r 

13215 

398.4 

ST 

'■ 

I  in  good  order, 

13541 

352.6 

Wi 

" 

J  and  dusty I 

10101 

250.7 

403 

Wagon  without  springs, 

15716 

306.3 

SU 

"       

Solid   gravel, 

12037 

245.9 

*^ 

"       

very  dry, 

98M 

205.5 

4f7 

"       

7565 

150.8 

■    Paxed,  in  good 
order,  with  wet 

r 

11018 

299.9 

3^ 

The  jTealest  inclination  ought  not  tn  exceed  1  in  30,  and  need  not  be  less 
than  one  in  100,  for  a  horse  will  draw  aa  well  on  a  road  with  a  rise  of  I 
in  100  as  on  a  level  road.  Where  the  road  curves  or  bends,  it  should  be 
wider,  aa  follows  i  When  the  two  lines  make  an  angle  of  deSection  of 
90°  to  120°,  increase  the  road-bed  one- fourth. 


Example. 


ipose  that  we  ascend  a  hill  1  mile  long  at  the  rate 
;  we  descend  1  mile  with  an  inclination  of  1  in  40. 
Here  we  have  for  a  one-horse  cart  or  vehicle  ascending  =;  1.66,  descend- 
ing =^  0.70,  Bura  =  2.36,  mean  =  1.18.  That  is,  passiog  over  the  hill 
of  2  miles  with  the  above  rise  and  fall,  is  equivalent  to  hauling  over  2.86 
miles  of  a  horizontal  road. 

The  inclined  road  is  easily  drained,  and  requires  lees  material  in  con- 
atmctiOD  and  annual  repair,  and  avoids  curves. 

The  engineer  will  be  able  to  judge  which  ia  the  most  economical  lino 
from  the  aboTe  table. 

3f,  Mortn'a  experiment)  show  that — 

1st.  The  traction  is  directly  proportional  to  the  load.  The  traction  is 
inversely  proportional  to  the  diameter  of  the  wheel. 

2d,  Upon  hard  roads,  the  resistance  is  independent  of  the  width  of  the 
tire  when  it  exceeds  3  to  4  inches. 

8d.  At  a  walking  pace,  the  traction  is  the  same,  under  the  same  circum- 
Btances,  for  carriages  with  and  without  springs. 

4th,  Upon  hard  macadamised  and  paved  roads,  the  traction  increases 
with  the  velocity,  when  above  2}  miles  per  hour. 

6th.  Upon  soft  roads,  the  traction  is  independent  of  the  velocity. 

6th,  Upon  a  pavement  of  hewn  stones,  the  traction  is  three-four  lbs  of 
that  upon  the  best  macadamised  roads,  at  a  pace  but  equal  to  it  at  a  trot. 

7th.  The  destruction  of  the  road  is  greater  as  the  diameter  of  the  wheels 
is  less,  and  is  greater  with  carriagea  without  that)  with  springs. 
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22  46 

^332 

7582 

7021 

9200 

87  22 

.513 

.136 

.034 

200 

22  37 

.380 

,082 

.021 

9300 

36  58 

.537 

.134 

.034 

800 

2228 

.828 

.081 

.020 

9400 

36  35 

.681 

.133 

.033 

.008 

400 

2219 

.326 

.081 

.020 

9500 

8611 

.525 

.131 

.033 

600 

2212 

.324 

.080 

.020 

9600 

86  49 

319 

330 

:033 

-600 

22  02 

"7822 

7080 

7020 

9700 

35  26 

.618 

.128 

.032 

700 

2154 

.320 

,079 

.020 

0800 

35  05 

.508 

.127 

.032 

3 

2146 

.818 

.079 

.019 

9900 

8444 

.504 

.126 

.032 

2137 

.816 

.078 

.019 

10000 

-Too 

34  23 
34  02 

.500 
:49& 

.125 
324 

.031 
7031 

— 

160O0 
T(56 

2130 

.814 

.078 

,019 

.812 

7078 

.019 

200 

33  42 

.491 

.031 

200 

2113 

.310 

.077 

.019 

800 

88  23 

.486 

.122 

.031 

300 

2106 

.808 

.077 

.019 

400 

8303 

.481 

.120 

.030 

400 

20  68 

.306 

.076 

,019 

600 
~600 

32  44 

.476 

.119 

,030 

— 

500 

20  50 

.304 

.076 

.019 

32  26 

:47l 

318 

,030 

Too 

20  43 

^802 

7075 

Tois 

700 

32  08 

.467 

.117 

,029 

.007 

700 

20  36 

.300 

.075 

,018 

800 

3150 

.498 

.116 

.029 

800 

20  28 

.298 

.074 

,018 

900 

3133 

.459 

,116 

.029 

900 

2021 

.296 

.074 

.018 

11000 

Too 

3115 

.455 

.114 

.028 

— 

17000 

Too 

2013 

.294 

.073 

.018 

"3058 

:45T 

313 

li28 

2007 

"7292 

.073 

70l8 

200 

3042 

.447 

.112 

200 

19  69 

.290 

.072 

.018 

300 

3025 

.443 

.111 

!o2f 

800 

19  62 

.072 

.018 

400 

3009 

.439 

.110 

.028 

400 

1945 

.286 

.072 

.018 

500 
-600 

29  64 
29  38 

.435 

.109 

.027 
.027 

7007 

500 
-600 

19  39 

.284 

.071 

.018 

7431 

308 

T932 

^7282 

7071 

.017 

700 

2923 

.427 

.107 

.027 

700 

1926 

.281 

.071 

.017 

800 

29  08 

.424 

.106 

.027 

800 

1919 

.280 

.070 

.017 

900 

2853 

.421 

.105 

.026 

900 

1912 

.279 

.070 

.017 

12000 

-Too 

2840 

.418 

,104 

.026 

__ 

18000 
Too 

19  06 

.278 

.069 

.017 

.004 

T825 

:4i4 

304 

.026 

019  00 

^276 

.069 

Ton 

.  200 

2811 

.411 

.103 

.026 

200 

18  68 

.275 

.069 

.018 

800 

27  57 

.407 

.102 

,026 

300 

1847 

.273 

.068 

.016 

400 

27  48 

.403 

.101 

.025 

400 

18  41 

.272 

.068 

.016 

600 
-600 

27  30 

.399 

.100 

.025 

500 

18  35 

.270 

.067 

.016 

-2717 

396 

.099 

.025 

-600 

18  29 

^269 

7067 

7Cl6 

700 

27  04 

.393 

.098 

.026 

790 

18  23 

.268 

.067 

.016 

800 

26  51 

890 

0% 

025 

800 

1817 

.267 

.067 

.016 

900 

2639 

887 

097 

024 

900 

1811 

.265 

.066 

.016 

13000 
TOO 

2627 

385 

09b 

024 

ItOOO 

18  06 

.264 

.066 

.016 

^914 

-Wi 

096 

"024 

Tod 

Tsoo 

T262 

70g6 

.016 

200 

26  03 

379 

095 

024 

200 

1754 

.261 

.065 

.015 

800 

25  61 

376 

094 

024 

300 

1749 

.259 

.065 

.015 

400 

25  39 

373 

OSf 

023 

400 

17  43 

.268 

.065 

.015 

500 
-606 

26  28 

370 

02'! 

600 

17  38 

.25f 

.064 

.016 

-25T7 

1fa7 

"023 

Ta 

17  82 

^256 

7064 

.015 

700 

25  06 

864 

023 

700 

17  27 

.253 

.063 

.015 

800 

24  66 

361 

023 

800 

17  22 

.252 

.063 

.015 

900 

24  44 

358 

089 

1122 

900 

1717 

.251 

.068 

.016 

14000 

Too 

24  33 

366 

osq 

022 

006 

20000 

1711 

.249 

.062 

.015 



24  23 

153 

"088 

-022 

5IooD 

16  21 

.288 

766i 

.015 

200 

2418 

350 

022 

21120 

1616 

.237 

.020 

.004 

300 

2402 

348 

087 

022 

15840 

2142 

.316 

!079 

.029 

.006 

400 

23  52 

.346 

.087 

.022 

10660 

32  33 

.473 

.059 

.007 

600 

2848 

.844 

.086 

.022 

.005 

5280 

1    5  07 

.947 

■287 

.119 

B 
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CANALS. 

820.  In  locating  a  canal,  refercDce  must  be  bail  to  the  kind  of  vessels  to 
be  used  thereon,  and  tlie  depth  of  water  required ;  tlie  traffic  and  resouroea 
of  the  surrounding  eounlry ;  the  effect  it  may  have  in  draining  or  OTer- 
flowing  certain  lands ;  tlie  feeders  and  reservoirs  necessary  to  keep  the 
summit  level  always  supplied,  allowing  for  evaporation  and  leakage 
through  porous  banks,  etc.  The  canal  to  have  as  little  inclination  as 
possible,  so  aa  not  to  offer  any  resistanse  to  llie  passage  of  boats.  To  be 
HO  located  that  its  distance  will  be  as  short  as  possible  between  the  cities 
and  towns  through  or  near  which  it  is  to  p.iss.  To  have  its  cniting  and 
filling  as  nearly  equal  as  the  nature  of  the  case  will  allow.  To  hafe 
sufficient  slopes  and  bernis  as  will  prevent  the  banks  from  sliding,  The 
bottom  width  ought  to  be  twice  the  breadth  of  the  largest  boat  which  is 
to  piisa  through  it.  The  depth  of  water  18  inches  greater  than  the  draft 
or  depth  of  water  drawn  by  a  boat. 

Toiii'path.  About  12  feet  wide,  being  between  2  and4  fMt  above  the 
level  of  the  watar,  and  having  its  surface  inclined  towards  the  canal 
sufficiently  to  keep  it  dry.  Vegetable  soil,  and  all  such  as  are  likely  to 
be  wnshad  in,  are  to  be  removed.  Where  there  is  no  tow-patb,  a  berm  or 
bench,  2  feet  wide,  is  left  in  each  side,  about  18  inches  above  the  water. 

Feederi  may  have  an  inclination  not  mare  than  2  feet  in  a  mile,  to  be 
capable  of  supplying  tour  or  five  times  tho  necessary  quantity  of  water 
to  feed  (he  tummii  Uvel. 

Reitrvoiri,  or  basina.  may  be  made  by  eioavation,  or,  in  a  hilly  country, 
by  damming  the  ravines.  There  are  many  instances  of  this  on  the  Kideau 
Canal  in  Canada;  also,  on  that  built  by  the  author,  connecting  the  Chlkta 
and  Chaudiere  lakes,  on  the  river  Ottawa,  in  the  same  country. 

Tbis  necessarily  requires  Chat  an  Act  of  the  Legislature  should  empower 
them  to  enter  on  any  land,  and  overflow  it  if  necessary,  and  have  commis- 
sioners to  assess  the  benefit  and  damages. 

Iha/l  h  the  depth  of  water  required  to  float  the  boat. 

Lift  is  the  additional  quantJty  required  Ut  pass  the  boat  trotel  ontr  lock 
into  another. 

A  boat  tticending  to  the  summit  bas  as  many  lifts  as  there  are  drafts, 

A  boal  descending  from  a  summit  to  a  lower  level  has  one  more  lift  thaa 
drafts. 

Let  the  anneied  figure  represent  a  canal,  where  there  are  two  locks 
ascending  and  two  descending;  there  are  tour  lifts  and  three  drafts. 


^  Ateend  from  A.  to  B  of  Lock  1.  (See  anneied  figure.)  Boat  arrives 
•t  gate  a;  finds  in  it  one  prism  of  draft,  and  the  other  lock  empty.  Now, 
»11  these  looks  must  be  filled  to  enable  the  boat  lo  arrive  at  the  summit 
level  B  C.  Let  L  =  prism  of  lift,  and  D  =  prism  of  draft;  then  it  ia 
plain  that  to  ascend  from  A  lo  B  requires  two  prisms  of  lift  and  one  of  draft, 
*nd  patting  n  =  2,  or  the  number  of  looks,  the  quantity  required  to  pam 
the  boat  — bL  +  (a  —  1)  D, 
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72l  canals. 

To  Dtteend  from  C  (o  D  =  2  tocks.  In  lock  3,  one  prism  of  lift  will  be 
taken,  anil  one  of  draft.  The  prism  of  lift  pnBses  into  lock  4,  together 
with  one  of  draft,  thus  using  two  prisms  of  draft  and  one  of  lift,  which  is 
sufficient  lo  pass  the  boat  from  C  to  D  =  L  +  2  D.     Or, 

To  aacend  =  n  L  +  (o  —  1)  D, 

To  descend  i=  L  -|-  2  D.  Add  these  two  equations.  The  whole  quan- 
tity from  A  to  D  =>  {n  +  1)  L  +  (n  +  1)  D  =  (n  +  1)  ■  (L  +  D). 

Each  additional  boat  passing  in  the  same  order  requires  two  prisms  of 
lift  and  two  of  draft;  that  is,  the  additional  discharge  =  2  (N  —  I) 
(L  +  D).  Here  N  ^  number  of  boats ;  therefore  the  whole  discharge 
-  (n  +  1)  (L  +  0)  +  (2  »  -2)  (L  +  0)  -  (2  N  +  I  - 1) .  (L  +  D), 
To  this  mast  be  added  the  loss  by  evaporation  and  leakage.  Evaporation 
may  be  taken  at  half  an  inch  per  day.  From  one-third  to  two-thirds  of 
the  rftin-fall  may  be  collected. 

The  engineer  will,  when  the  channel  is  in  alaty  or  porous  soil,  cover  it 
with  a  layer  of  flat  stones  laid  in  hydraulic  mortar,  having  preTiously 
covered  it  with  fine  sand. 

Lock)  to  be  one  foot  wider  than  the  width  of  beam,  18  inches  deeper 
than  draft  of  boat,  aud  to  be  of  a  sufficient  length  to  allow  the  rudder  to 
be  shifted  from  side  to  side. 

Bottom  to  be  an  inverted  arch  where  it  is  not  rock.  Where  the  bottom 
is  not  aolid,  drive  piles,  on  which  lay  a  sheeting  of  oak  plank  to  receive 
the  masonry. 

The  channel  to  have  recesses  to  receive  the  lock  gates. 

The  lock  gates  to  make  an  angle  of  54°  44'  with  one  another,  being 
that  which  gives  them  the  greatest  power  of  resisting  the  pressure  of  the 
prism  of  water. 

Retervoirs  are  made  in  natural  rsrines  which  ma;  be  found  above  the  sum- 
mit level,  or  they  are  excavated  at  the  necessary  heights  above  the  summit 

Darm  are  made  of  solid  earth  or  masonry.  When  of  earth,  remove  the 
surface  to  the  depth  where  a.  firm  foundation  can  be  had;  then  lay  the 
earth  in  layers  of  eight  or  twelve  inches ;  have  it  puddled  and  rammed, 
layer  after  layer,  to  the  top,  S/ope  neit  the  water  to  be  three  or  four 
base  to  one  perpendicular  (see  sec,  147).  Outside  slope  about  two  or  two 
and  a  half  base  to  one  perpendicular.  The  face  nexl  the  dam  is  faced 
with  stone.     Yotthickntesiifthe  top  of  tM  dam,  aee  jEmbankmenta  (sec.  819|. 


TaSttOutUu  Section  of  a  Canal  viAen  the  Sarfaci 


=  total  base  for  both 
=  110  =  width  ii 
:=  Bectional  area  = 


321.  let  the  bottom  width  A  B  =:  30  feet,  height  of  cutting  o 
centre  stake  H  F  =  20  feet  =  h,  ratio  of  slopes  2  to  1  =  r— that  i 
1  foot  perpendicular  there  is  to  be  2  feet  base,  2 
each  slope  =  C  G  =  E  D,  and  20  X  2  X  3  =  8 
Blopes.  Bottom  width  =  30;  therefore,  80  + 
cutting  at  top  =  C  D;  and  110  -f  30  -^  2  X 
1400.  In  general, 
8  =  (b  -f  h  r)  h  =  sec'l  area  in  ft. 
C  =  (b+hr)hL  =  cubic  content 
Here  S  =  transverse  Bectional  area, 
C  ^  content  of  the  seotion,  b  =  hot 
torn  width,  h  ='  height,  r  ^  ratio  oi 
slope,  and  L  ==  length  of  secUon. 
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To  Set  Oat  a 


n  when  ike  Sarfaee 


n  Tnclintd  Plane,  a 


»*  44. 


i  embankment     We  will 


321(1.     Thia  case  requires  a  cutting  and  a 
suppose  the  slopes  to  be  th«  same  in  both. 

Let  tbe  surface  of  the  land  be  B  Q,  the  csnal  A  B  =  bottom  =  b  = 
SO  feet.  Height  H  G  =  20,  ratio  of  slopes  of  eicavalion  and  embftuk- 
ment  =  i  J  base  to  1  height — that  is,  ratio  of  slopes  ^  r  ^  IJ  to  1. 

At  the  centre  G  set  up  the  letel ;  set  the  teveling  staff  at  N ;  found 
the  height  a  N  =  5  feet;  measured  0  S  =  20.91,  and  GN  =  20;  be- 
oausa  the  sinpea  being  IJ  la  I,  the  slope  toSfeet  =  7Jj  .-.  G  F  =  12J, 
and  G  M  =  27^  feet;  and  the  slope  corresponding  to  H  Q  =  20  X  1-6 
~  86,  which  added  to  halt  the  bottom,  giies  0  C  =  45, 


To  Find  0  E 


<;aQ. 


GM:  OS;:  QC:  GE;  thatia, 
27.5  :  20.61  ::  45  :  G  E  =  83.72  feet. 

Let  the  top  of  embankment  P  C  =  20  feet ;  then  G  P  =  65. 
GF:Ga::GP:GQ;  that  is. 
12i  :  20.61  :;  65  :  G  Q  =  107.17  feet 

Having  G  E,  O  Q.  G  9  and  S  N,  we  can  find  the  perpendicular  Q  V. 
GS:SN::GQ:QV. 

20.61  r  5  ::  107.17  :  QV  =  26,  which  is  perpendicular  to  the  surface  GV. 
20.61  :  5  ::  G  E  =  33.72  :  E  F  =  8.18  feet. 

GV»  =  aQ=  — QV»;  .-.wecanfiodG  V  =  103.96;  and  by  taking  65 
from  the  Talue  of  G  V,  we  find  103,99  —  65  =  38.96  =  P  V. 

To  Find  the  Feint  R. 


We  find,  -when  the  slope  G  Q  continnes  to  B,  that  by  taking  G  i  ^  20.61, 
n»  =  5,  D  t=7J,  Q  t=12J,  and  X  is  parellel  to  BR;  .-.OtiG. 
::GD:GB;  but  G  D  =  15  +  20  X 'i  —  46.  ■■■ 
12.5  ;  20.61  ::  45  ;  GR  =  74.19. 


To  Mnd  0  d  =  H  a,  and  Ana  of  Culling. 

WflhaveGj;  Gn::  OR:  Gd;  tbatis, 
20.61  :  20  ::  74.19  :  0  d  =  H  a  =  71.99. 
Gn:nj::ad:  Rd;  thatia, 
20:5;:  71.99:  B  d  =  17.9975. 
But  H  0  =  a  rf  =  20 ;  therefore  R  a  =  37.998 ; 
aodHft  —  HB  =  7 1.99  — 15  =  B  a  =  56.99.     Let  us  put  18  =  17.9976. 


J  +  Ra 


20  +  38 


Area  of  sec.  HO  Rft^^;;^ ^-^^  X  Ha  =  ^^^^-^-^X'l-98  =  2087.71 

Deduct  the  A  B  R  a  =  56.99  X  19  =  1062.81 

Area  of  the  figure  G  H  B  B  =  1004.90 

HG 

Area  G  H  A  C  =  (G  C  +  A  HJ  X =  {45  +  15)  X  10,  600 

Area  of  the  figure  C  G  R  B  A  =  1604.90 

Deduct  triangle  G  E  C  =  45X  l>alf  of  E  f  =  15  X^-OS,  18106 

Area  of  B  A  B  0  B  =  1420.85 
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Or  ikui  .- 

We  have  R  a  by  calculation  or  from  the  level  book,  38  nearly.  Alao, 
Eg^gf  — Ef  =  20  — 8.18=^11.82,  wLioh  multiplied  by  ratio  of  slope, 
gives  A  g  =  17.73,  and  H  g  =  33.72.  But  from  above  we  have  H  a  =: 
71.99;  .■.71.99  +  32.73  =  a  g  =  104,72. 

104.72 

— -—  X  (E  g  +  R  ft)  =  52.3G  X  ("-82  +  38)  =  E  g  a  R  =  2608.58 


Area  of  the  section  R  E  A  B  =  1420.99 

Neiirly  the  same  area  as  above.     The  diffureooe  is  due  to  calling  17.9976 
=  18. 

To  Find  ike  E-mianftmeni, 

We  haveQ  V  =  2G,  PV  =  38.95,  E  f  =  8,18,  P  C  =20,  G  r  =  32.72, 
and  C  F  =  G,C  —  G  F  =  4a  —  32.72  =  12,28 

G  V  =  45  +  20  +  38.96  =  GC  +  CP  +  rV=  103.96 

GS:GN::QE:Gf;  Uiatis, 

20.61  !  20::  33.72  r  Gf  =33.72.     This  taken  from  G  G  ot  45  will  give 
CF  =  12.28;  ,.-.  fV  =  12.28  +  20  +  38.96  =  71.24 

i  tQ  V  +  E  f)  =  i  (26  +  8.18)  =  17.09 

The  product  =  area  of  Q  V  F  E  =  1217.4916 

Deduct  A  C  f  E  =  4.09  X  12.28  =  J  E  f  X  C  f  =  50.22 

Also  deduct  ^  Q  V  P  =  38.90  X  13  =  SCO'^S 

Sum  to  be  subtrocteil,  G56.70 

AJrea  of  section  Q  P  C  E  =  660.79 

To  Sit  Off  the  Boundary  of  a  Canal  or  Railway. 
3216,     Let  the  width  from  the  centre  etump  or  stake  Q  to  boundnry 


Otherwise,  Inlie  a  length  of  20  or  80  feet,  and,  with  the 
ure  carefully,  dropping  a  plumb-line  and  bob  at  the  lower  end,  and  thus 
le  end.     This  will  be  guEBciently  accurate. 
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TeFind  Ihi  Area  of  a  Section  of  Excavation  or  Embankment  tuck  aj  A  B  DC. 
[See  Fig.  46.) 

822.  Let  r  =  ratio  of  elopes,  D  =  greater  and  d  ^  lesser  depth,  and 
b  =  bottom  width. 

We  have  rfr  =  A  E,  and  D  r 
=  BF;  .-.  (D  +  d)  r  +  b  = 
E  F.     But  EF  X  (D  +  <()  = 
twice  Ihe  area  of  C  E  F  D;  i.  e 
{(D  +  d)r  +  b}.(D  +  d)  = 
double  area  of  C  E  F  D. 
(D2  +  2Dd-fd']r  +  (D  +  d)b 
=  double  area  of  C  E  P  D. 
d^  r  =  a  /i  A  C  E,  and  D"  r  =  2  /x  H  D  F ;  these  taken  from  the  value 
of  twice  the  area  of  C  D  F  D,  gives  the  required  area  ofACDB  =  2I>di-. 
This  divided  by  2  nill  give  the  area  of 
ABCD  =  Ddr  +  (_JL_)  b. 

Buh,  Mnltiplyihe  heights  and  fkUo  together;  to  the  product  add  the 
product  of  half  the  heights  multiplied  by  the  base.  The  sum  will  be  the 
ajea  of  A  B  C  D,  when  tlie  slopes  on  both  lidei  an  equal. 

Example.     Let  bottom  b  =  30,  d  =  10,  D  =  20,  ratio  of  base  lo  per- 
pendicular =  r  =  2,  to  find  the  area  of  the  section. 
»  d.  r  =  10  X  20  X  2  =  *00 

D  +  (l 
(-^)Xl'  =  15X30=  450 

Area  of  section  A  B  D  C  =  850 

322a    Let  the  slopes  of  A  C  and  B  D  be  unequal ;  let  the  ratio  of  slope 

for  AC  =  r,  and  that  for  B  D  =  R.      Ileijuired  area  of  A  B  D  C  = 


.(D  +  d.)  +  -. 


.  (D  d.). 


Rule.  Multiply  the  sum  of  the  two  heights  by  half  the  base,  and  note 
tlie  product 

Multiply  the  product  of  the  beigbla  by  half  the  sum  of  tbe  ratios,  and 
add  the  product  to  tbe  product  Bbova  noticed.  The  sum  of  tbe  two  prod- 
ucts will  be  the  required  area. 

Example.  Let  the  heights  and  base  be  as  in  the  last  example;  ratio  of 
dope  A  C  =  2,  and  that  of  slope  E  D  =  8. 


2  (D  +  d,)  ^15X3' 


.Dd.  . 


450 


500 


=  2.5  X  200  = 
Area  of  A  F  DC=  860 

^t  the  Surface  of  the  Side  of  a  Hill  Cut  the  Sollom  of  the  Canal  or  Road 
Bed,  at  in  Fig.  47. 
822i.  Here  A  B  la  the  bottom  of  the  canal  or  road,  A  C  and  B  D  its 
sides,  having  slopes  of  r.  D  E  —  the  surface  of  the  ground,  G  F  =  rf  — 
lesser  height  Ulovi  the  bottom,  and  to  the  point  where  tbe  elope  A  C 
produced  will  meet  the  BurfucB  of  the  ground,  D  H  =;  D  =  greater 
lieight  aioi.(  the  bottom. 
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Thronpb  P,  draw  F  K  panlUl  lo  A  H ;  then  D  K  =  D  +  d,  and  A  H 
=  b  +  rD.  and  AQ  =  f  d;  therefore  FK=^GH  =  b  +  rI»— rd 
=:  b  +  (D  — ^  d)  r,  and  by  simiUr  trianglea. 

DK;KP;r  DH:  MH;  that  i  3, 

BD4-rD*  —  rdD 

^  ^  D  +  d 

But  M  H  X  B  H  =  twice  the  srea  of  A  M  D  H,  and  twice  the  area  of  A 
BDH  =  BHXDH  =  RdXD  =  rD2; 


b  D»  —  2  r  d  D» 

^         D  +  d       ' 

(b  — 2rd)  D* 

Double  area  ^= that  is, 

D  +  d 
,(b  —  2rd)D\ 

Area  of  A  M  D  B  =  (■ —  —  ) 

^    2(D  +  d)     ' 

Or  =  ^-    ~''     -      which  is  that  giTeti  bj  Sir 

D  +  d 
Joha  McNeil  in  his  valuable  tables  of  earthwork. 

Sule,  From  half  the  base  take  the  product  of  the  ratio  of  elopes  and 
height  below  the  bed  ;  multiply  the  difference  by  the  square  of  the  height 
aboye  the  bed  of  road  or  canal ;  divide  this  product  by  the  sum  of  the  two 
leights ;  the  quotient  will  be  the  area  of  tile  section  iM  D  H. 

Ezample.  Let  base  =40,  ratio  of  slopes  IJ  to  1,  height  Q  P  below  tie 
ted  =  ^.  height  D  H  above  the  bed  =  20  feet,  to  find  the  area  of  the 
section  M  D  B.     (See  figure  47.) 


Half  the  base  = 
rrf=  5.5X1-5=  8  26 

11.76 
D"  =  20  X  20  =  400 

4700 
Divide  4700  by  D  +  d  =  20  +  5.5  =  25.5 
The  quotient  =  area  of  M  D  B  =  184.318  feet. 

To  Find  the  Meait  Height  of  a   Given  Section  vikose  Arei 
Batio  of  Slipa  =  r. 

323.     Let  X  =  required  mean  height;  then  mean  i 
this  multiplied  b;  the  mean  height,  givea  b  x  +  r  i^  = 
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Ji5i)'-'    .ndt. 


eubslLtuting  the  value  of 
A  in  sec.  322, 
_     j(4Ddr^  +  (D  +  d)  2  b  r  +  b»|4— b 

Bait.  To  the  square  of  the  base,  add  four  times  the  area  multiplied  by 
the  ratio  of  tiie  slopes;  late  the  square  root  of  the  product;  divide  (his 
root  by  twice  the  ratio,  and  from  the  quotient  take  the  base  divided  by 
twice  the  ratio.     The  difference  will  be  the  required  mean  height 

Example.  Let  us  take  the  Inat  example,  where  the  base  b  ^=  40,  ratio 
»  =  IJ,  area  =  184.318  square  feet. 

4  A  r  =  184.213  X  4  X  1-5  =  1105.878 

b»  =  40  X  40  =  160Q 

2705.878 
Square  root  of  2706.878  =  62.018 

ThiBFOot  diyjdedby  2 7-  =  3  gives  =  17.839 

''40 
From  thiBtake  — =  — =  13.333 

2r       3  ^___ 

GiTes  the  mean  height  =  4.00G,  or  =  4  feet  nearly. 

4  r  =  6,  to  which  odd  base  40,  sum  :=  46 

Approximate  mean  height,  i 

ISi 
area  nearly  as  above. 

It  need  not  be  obserred  that  if  we  took  the  mean  height  =  4.009,  we 
would  find  184.813  nearly.  Our  object  here  ia  to  show  the  metijod  of 
applying   the   formula   to   those   who   have  no  knowledge  of  algebraic 

Or  by  plotting  the  section  on  a  large  scale  on  cartridge  paper,  the  area 
and  mean  depth  can  be'  computed  by  measurement.  The  mean  heights 
are  those  used  in  using  McNeil's  tables  of  earthwork,  and  also  in  finding 
the  middle  area,  necessary  for  applying  the  prismoidal  formula. 

Rule  2.  To  four  times  the  product  of  the  heighta  and  ratio  add  tbo 
continual  product  of  the  sum  of  the  two  heights  by  twice  the  base  malti- 
plied  by  the  ratio;  to  this  sum  add  the  square  of  the  base;  from  the 
aqnare  root  of  thia  last  sum  subtract  ihe  base,  and  divide  the  differeiiOB 
by  twice  (be  ratio.     The  quotient  will  be  the  mean  height. 

Example.     D  =  70,  d  =  30,  b  =  40,  r  =  1. 

70  X  30  X  *  X  (fO  +  30)  X  80  =  16400 
Square  of  base  =  1600 

18000 
The  sqaars  root  =  134.164,  which,  divided  by  2,  gives  47.082,  the  mean 
height. 
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Another  Fractkal  M'lhod. 

324.  Let  A  n  =  6a3a  =  b,  C  D  B  A  =  required  sMtion,  whose  ni 
=  A,  and  mean  height  Q  R  is  required ;  raiio  of  slopes  perpendicular 
base  is  as  1  to  r.     (See  fig.  48.) 

We  hme  PQX2r=AB  =  b;  that  is. 

b  b' 

p  Q  =  — :  this  Xby  the  base  gitee  twice  area  of  ^^  A  BP  =  — ; 

b* 
therefore,  area  /\  A  B  P  =  — ;  oonaequentlj, 

b" 
area  of  A  C  P  O  =  T"  +  A,  or  putting  area  of  A  A  B  P  =  a, 

we  have  area  ^  C  P  D  =  A  +  a,  and  by  Euclid  VI,  prop.  19, 
AABP:APCD::PQS:PRa; 


PK-«4-")4) 

/A-l-ailJ         *\ 
Q  B  =  {(^f-  ^  -  ^)  =  "«»"  '■^isbt- 

ExampU.  Let  A  B  =  b  =  30,  ratio  =  2.  Qiyen  area  of 
1200,  which  ia  Ui  be  equal  to  the  gectioD  A  B  C  D,  whose  ti 
is  required. 

'it  area  of  A  A  B  P  ia  always  =  —  =  50. 

.I200  +  .50i_,1250i_    /.T?_K 


a  R  =  mean  height  =  20. 

In  this  example  and  formula  (he  slopes  are  the  same  on  both  aides. 
Let  K  =  greater,  and  r.  =  lesser  ratio ; 

ai        h b 

~'  ■] 

When  the  Slopu  are  the  Same  on  Both  Sidel. 

325.  RuU.  To  the  given  area  above  the  base  add  the  constant  ares 
below  the  base;  divide  the  sum  by  the  ooostaat  area  of  the  ^  A  B  F: 
multiply  tbe  square  root  of  this  quotient  by  the  base  divided  by  twioe  the 
ratio  of  the  slope ;  from  this  product  take  the  base  divided  by  the  ratio 
of  slope.     The  difference  will  be  the  required  mean  height  =i  L  B. 
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Wheii  the  Shpes  ore  uneqaoL 

Ruk.  To  tha  given  area  nbore  tbe  bnse,  ndd  the  constunt  area  of  tlie 
tviiingle  A  B  P  below  the  base,  divide  the  sum  by  tho  conslaiit  area  nf  A 
A  B  I*.  Multiply  the  square  root  of  the  (inotient,  by  the  base  divided  by 
tlie  sum  of  tlic  ratio  of  the  elopes,  from  the  product  Hiibtraot  the  base  di- 
vided by  the  sum  of  the  ratios,  the  difference  will  be  tho  reqnired  meaa 
height  =  Q  R. 

thampU.  Lef  ralio  R  =  ratio  of  Q  B  to  Q  I'  =  ratio  to  slope  B  D  =  3, 
and  r  =  lesser  ratio  of  A  Q  to  P  Q  =  2. 


AB  =  b 


=  20,  therefore  P  Q 


■20 


Let  area  of  A  B  U  C  =  0(;0,  ar 
bftse  =  40  =  A  =  AA2r. 

R  -f-  r       K  +  r  - 


) 


Q  II  =  5  X  ^  —  i  =  Iti- 

32B.  Main  hiiyht  mml  nut  be  found  hi/  adilini/  Ike  /layhls  on  inch  liJe  of 
llie  ixnire  ituiiip  or  flake,  and  then  take  half  of  the  siaa  for  a  mean  height. 
This  method  is  cominotily  used,  and  is  vtrg  erroiieoiui,  as  will  appear  fl'Om 
tbe  following  example:  Let  the  greater  height  D  II  =  70,  (see  fig.  4'.1,) 
the  leaser  C  E  -.-  30,  base  *0,  ratio  of  slopes  1  to  I. 


Correct  Method. 

30  =  leaser                   =     d 

2)  lOO;  mean  height            =   GO 

H 

;!0  +  40+70  =  b»3aEH  =  140 

Sectional  area  of 

C  D  II  E  =  7000 

deduct  ihe  two  tvianjries 

CEA  +  D1!H  =  2000 

H 

Area                                    4100 

Correcl. 

1 

Or.  by  sec.  S22,  we  can  find  th 

ar 

«  d  r  =  70  X  ^lO  X  1 

2100 

D  +  d.b^COX^O 

2000 

2 

4100,    required  correct  1 

%  (/«  Erronmis  or 

Conuiioil.  Method. 

70  +  r-0  =  100  =  sumofh 

ightE. 

50  ==  mean 

height. 

Half  slope  =  50_ 

100  =  mean  base. 
r,li  =  mean  height. 
Area  COOO     incorrect. 
Area  4100     correct. 
Difference   9o0     square  feet. 
From  this  great  difference  appears  that  where  the  n 
quired,  it  has  to  be  calculated  by  the  formula  in  si 


{4  A 


■  +  l'=l 
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Area  found  bj  the  correct  Jnethod  ^=  4I0O 

Igioo  =  4  a 

1G400  =  4  A  J- 
IfiOO  :=bs 
Squaro  root  of  18000  =  184.164, 
trnd  134,164,  diTided  by  twice  the  ratio,  gives  67.082,  from  which  tnke  the 
biise,  divided  by  twice  the  ratio,  leaves  required  mean  height  =  47.082, 
By  the  common  method  =       60 

Difference,  2.918  feet. 

Or  thus,  by  sec.  324 :  We  find  the  mean  heiglit  Q  R,  (fig.  49.)  area  of 
triangle  A  B  P,  having  slopes  1  to  1  ^  400,  the  perpendicular  P  Q  =  20. 
And  from  above  we  have  ijie  area  of  the  section  A  B  D  C  =      4100 

■■  ^     a    '  '       400       ■'         V^OO  2  2 


Id  general,  the  section  to  he  measured  is  cither  a  prism,  cylinder,  cone, 
pyramid,  wedge,  or  a  frustrum  of  a  cone,  pyramid,  or  wedge.  The  latter 
is  called  a  prismoid. 

A  Priem  is  a  solid,  contained  by  plane  figures,  of  which  two  are  oppo- 
site, equal,  similar,  and  having  tbeir  sides  parallel.  The  opposite,  equal 
and  similar  sides  are  the  ends.  The  otlier  sides  are  called  the  lateral 
sides.  Those  prisms  having  regular  polygons  for  bases,  nre  called  regu- 
lar prisms. 

Priimoid  has  its  two  ends  parallel  and  dissimilar,  and  may  be  any 
figure. 

327.  rrism.  Rule.  Multiply  the  area  of  the  base  by  the  height  of 
the  section,  the  product  =  content,  or  S  =  A  I.  Here  A  =  area  of  the 
base,  and  1  =  the  length  of  the  section,  and  S  =  sectional  area. 

328.  Cylinder.  Rule.  Square  the  diameter,  multiply  it  by  .7854, 
then  by  the  height,  the  product  =  content  —  D^  X  .i8&4.  Here  D  = 
diameter,  solidity  :=  S  ^  A  1.  Here  A  ■=  area  of  the  base,  and  1 1= 
length. 

329.  Cms.  Rule.  Multiply  the  square  of  the  diameter  by  .7854,  and 
that  product  by  one-third  of  the  height,  will  give  the  content  =S  —  D2  X 

.7864  X-^  Or,  solidity  =  ^   where  A  and  I  are  as  above. 

330.  Fnislrum  of  a  Cone.  Rule.  To  the  areas  of  the  two  ends,  add 
their  mean  proportional.  Multiply  their  sum  by  one-third  of  the  height 
or  length,  the  product  =:  content. 

Solidity  =  8  =  (A  X  «  X  /ATi)  g- 

S--(d"  -Fd=   +  Dd)  0.2018 

S  =  (TJ^r-d-  t)  ^^D^Td)  X  .2G1S  c.  Here  (  =  0,7854, 
D  and  d  =  diameters,  I  =^  length,  as  above. 


V  Google 


Example.  Let  the  greater  diameter  of  a.  fmstrum  of  d  cone  be  =  D  = 
2,  and  the  lesser  =  d  ^  1,  and  the  length  =  15,  to  find  the  oootent 
Dimeusiona  all  in  feet. 

A  =  4X0.7854      =      3.1416      =      3.14IG 
a  :=  1  X  0.7854  0.7854  0.7S54 

Product  =  2.46r4'l2e4,  square  root  ^  1.5708 
6.4978 
One-third  the  length,  6 

Content  or  S     =        27.489 
Or  thus  : 
(By  BOO.  330.)    D=+(i*  +  Dd  =  4-i-l  +  2=  7 

1  ^  length  =  .       1.5 


0,7850  ^=  tabular  number 


103 
0^018 
^7.489  =  content. 


3)824G70 
S    =        27.489    =^  content. 

331.  Pyramid.  Bali.  Multiply  the  area  of  the  base  by  one-third  of 
the  length  or  height,  and  the  product  will  he  the  required  content.  Or, 
Bolidity  =  8  =  -g- 

332.  Frustrum  of  a  TyTamid.  Rule.  To  the  sum  of  the  areas  of  both 
ends  add  their  mean  proportional,  multiply  this  sum  by  one-third  of  their 

height,  the  product  will  be  the  content,  or  S  =  (A.  -|-  a  -j-  j/  A  a  )~ 

Let  the  ends  be  regular  polygons,  whose  aides  are  D  and  d,  then, 
S  =  /^_r^^)-LL      Here  D  =  greater  and  d  =  leaser  side, 

t  =  tabnlar  area,  corresponding  to  the  given  polyg>n   and  1  as  al  ove 

Rule.  From  the  cube  of  the  greater  aide  take  the  cube  of  (te  lesaer 
divide  this  difference  hy  the  difference  of  the  sides,  multiply  the  quotient 
by  the  tabular  number  corresponding  to  that  polygon  and  that  proiuct 
by  the  length  or  height.  One-third  of  this  product  will  be  the  required 
content,  the  same  as  for  the  frustrum  of  a  cone. 

Example..  Let  3  and  2  respectively  be  the  aides  of  a  s  jnare  fhiatrum 
of  a  pyramid,  and  length  ==  15  feet 

A  +  a+/Aa=944  +  t>=  It  ^ 

One-third  the  length  = 


Solidity  =  S  =  g5 

Or  thus,  by  ■'ewPiiii 

D'  -  ds  =  27  —  1        !<»         _  .k*^^"^ 

Tabular  number  per  Table  Vi 

One-third  the  length        ^'^ 

333.     Wedge  has 


fi4i<. 


[uUtt  i       .Bdaivo  opposite  eides  meetiog  in 
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T2V  CANAT,.-. 

Ifiil-!^  To  twice  the  length  of  the  baaa  add  the  length  of  tlio  edgp,  mul- 
tiply this  sum  by  (he  breatlUi  of  the 
base,  and  the  product  by  oue-sixth 
of  the  height,  the  product  will  be  the 
solid  content,  when  the  base  hiis  its 
sides  parallel. 


(2L  +  l).bh.     Here 


L  =  length  of  the  rectnngidar  baso 
A  li,  1  length  of  the  edge  C  U,  b  = 
breadth  of  base,  B  F  and  I!  =  height. 

Example.     LetA  B  =  40  feet,  B  F  =  b 
the  height  ^  C  =  51]  feet  =  li,  to  find  the 
2  L  X  1  =  8LI  +  SO  = 
*  /,  =  ]0  X  61) 


C  n  =  1  =  30,  and  let 


Let  C  D,  the  edge,  be  parnllai  to  the  lengths  A  B  and  E  F,  nnd  A  B 
greater  than  E  F,  H  G  =  perpendicular  width. 

Rule  2.     Add  the  llirce  pnrnllel   edges  together,  multiply  its  one-tbird 
by  half  the  height,  multiplied  by  the  perpendicular  breadth,  the  product 

1  .  h  b. 
will  be  the  required  content.     Or,  8  =■  j  (L  +  Li  +  1)  -j _j- - 

Here  L  =  greater  length  of  base,   Li  =  lesser  length,  1  =  length  of  the 
edge,  h  =  perpendicular  height,  and  b  =  perpendicular  breadtli. 
Let  us  apply  this  to  the  last  example; 


Therefore 


,  25n_27.->00_ 


=  t:.^  =  OIOC.GGO,  as  above. 

C  D  =  3,  height  =  12,  and 


Ecnmple  2.     Let   A  B  =  4,  E 
width  H  G  =  3J,  thou  by  Itule  2. 

4  +  a  H-  -'  •  G  X  32  X  3  •  S  =  fi6J  cubic  feet. 

NoU.  As  Kule  2  answers  for  any  form  of  a  wedge,  whose  edge  is  par- 
allel to  the  base,  the  opposite  sides  A  B  and  E  F  parallel,  without  any 
reference  to  tJieir  being  equal. 


834.  The  priamold  is  a  frusfrum  of  a  wedge,  its  ends  being  parallel  to 
one  auotiier,  and  therefore  similar,  or  the  ends  are  parallel  and  dissimilar. 

When  the  section  is  the  frustriim  of  a  wedge,  it  id  made  up  of  tivo 
wedges,  one  having  the  greater  end  for  a  base,  and  the  other  haTing  the 
lesser,  the  content  may  be  found  by  rule  2  for  the  wedge. 

The  following  rule,  known  as  the  prismoidal  formula,  will  answer  for 
a  section  whose  ends  are  parallel  to  nne  another.  It  is  the  safest  and  most 
expeditious  formula  now  used,  and  has  been  first  introduced  by  Sir  John 
MiLcNeil  in  oalculating  his  valuable  tables  on  earth  work,  octavo,  pp.  208. 
T  F.  Baker,  Esq.,  C.E.,  has  also  given  a  very  concise  formula,  which,  bs 
many  perhaps  may  prefer,  1  give  in  the  nest  section.  To  Mr.  Baker,  of 
England,   the  world  is  indebted  for  bis  practical  method  of  laying  out 
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»ren  of  the  n 
this  sum  b;  i 
the  proiluct  y 

Here  A  = 


Example.     Let  the  length  L      =        400  feet 
Mean  height  of  section  A  It  D  C  =         50 
Mean  height  of  section  G  K  t'  H  =  'HI 

llalio  of  slopes  =  2  base  to  1  perpendicular,  nnd  bnse  =  Z' 
60  =  mean  lieightj  by  sec.  82H.     Height  :iO 


Half  bn9e=  100  for  slopes. 


Meanbr'dtb,  ] 
Height, 


id 


Height,  _20 

a        =         1400 

A       =      mm 

M        =      140110 

2III0II 

400^= 

G)87tmOlH) 

n  cubic  feet  ^  0|14(;00o0 

3)Iii:!:i22.22 


Oiffere 


51074,07  cubic  yards, 
■mpanng  this  with  Sir  John  MaoNelPs  table,  we  find  540.72, 
;e  only  2  yards,  which  is  but  very  little  in  this  large  section. 


Baker's  Method  Modified.     ( 
Solidity-S=^(^'  +  D  d  +ii2  ~i 

Here  D  =  greater  depth  from  the  vertei,  w 
baae,  d  =  lesser  depth,  r  =  ratio  of  sbpes  1 
"""   -"'     '  -      ■      -U  and  d  are  f 

It  q  R  of  seotio] 
=  PQ,  ■.■'''-°  =  7.5=PQ. 
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.0^  =  57.5X57.5 
d"  =  27.5  X  27.5 
Cd  =  57.5X27.6 

=  3306.26 
=  750.25 
=  1581.25 

3  BS  _  3  X  30  X  20 
i  T^                    Iti 

_2700 
Iti 

5043.75 
=    1138.75 

D»  +  Dd+d^-|4= 

=      6475 

r  1  =  2X400 

800 

a  tbat  found 
I'riBinoiilal  formula. 

The  bases  or  road  beds  arc,  in  EnBlaQd,  for  alnele  track  20,  double  triiek 
30  feet  wide.  s        .  b 

And  in  tbe  United  States,  io  embankments,  single  track  16.  for  double 
trtwk  28  feet.     Also  io  eicavation,  single  track  24.  double  track  32  feet. 

In  laying  out  ihe  line,  We  endeavor  to  have  the  cutting  and  filling  equal 
to  one  another,  observing  to  allow  10  per  cent  for  shrinkage ;  for  it  haa 
been  found  that  gravel  and  sand  shrink  8  per  cent,  olaj  10,  loam  12,  and 
surface  soil  15.     Where  c!»j  is  put  in  water,  it  shrinks  from  30  to  33  per 

Roek,  broken  io  Iiirge  fragments,  increases  40  per  cent.;  if  broken  into 
small  fragments,  increases  6u  per  cent, 

TAe  foUowing,  Table  a,  is  calculated  from  a  modified  form  of  Wm. 
Kelly  s  formula. 

Content  in  cubic  yards  =  L  {b  •  i '^-^^  +  {^+ 4^7  )^} 

Here  L  =  length,  B  =  base,   H  acd  h  =  greater  and  lesser  heights, 

r  =  ratio  of  slope,  d  =  difference  of  heights. 

Rule  for  uiing  Table  a.     Multiply  tabular  number  of  half  the  heigW 

by  the  base,  and  call  the  result  =  A. 

2.  Multiply  the  tabular  of  either  height  by  the  other  height,  and  call 
the  result  =B. 

3.  Multiply  the  tabular  number  of  the  difference  of  the  heights  bj 
one-third  of  tbe  difference,  and  call  the  result  =  C. 

Add  results  B  and  C  together,  multiply  the  sum  by  the  ratio  of  the 
slopes,  add  the  product  (o  the  result  A,  and  multiply  tbe  sum  by  the 
length,  the  product  will  be  the  content  in  cubic  yards. 

Example  as  in  section  334.     Where  length  =  400,  base  ~  30,  heights 
=  50  and  20,  and  ratio  of  elopes  =  2. 
50+20 
—2—  =  85,  Its  tabular  number,  by  30  =  1.2363  X  30  =  A  =  38.889. 

50  X  tabular  20  =  50  X  7.7407  =  30.0350  =  B. 
10  X  tabular  30  =  10  x  I-llll  ^11.1110  =  C. 

48.1960  X2  =  90.292 

136.181 

Length,  400 

54072.506  jd»- 
By  Sir  John  MacNeii'fl  Table  XXIII  =  54072 

By  his  prismoidal  formula  =  54074.072 

Here  we  find  the  difitrence  between  table  a  and  the  prismoidal  formul* 
to  be  1  in  30049. 

Sir  John's  tables  are  calculated  only  to  feet  and  2  decimals.  WiUisr" 
Kelly's  (civil  engineer,  for  many  years  connected  with  the  Ordinance 
Survey  of  Ireland]  to  every  three  inches,  and  to  three  places  of  decimsl^' 
Table  a  is  arranged  similar  to  Mr.  Kelly's  Table  I,  but  calculated  '" 
tenths  of  a  fool,  and  la  four  places  of  decimals.  Tables  Sand  c  are  the  saffio 
«B  MacNcil's  Tables  LVIII  sod  LIX,  with  our  eiplaiiatioti  annl  example' 
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tev  lieigUt.     D  H  =  D  =  greiite 
tlie  otlier  side  of  tlie  roiid  bed. 

We  tind  the  end  urea  of  llie  Hection  by  tlie  rormuln  ii 


TliB  following  tubulin-  form  w 
gectioa  or  DDiiibui-  of  sectioi 

Ji;/  Tablfa  b  tiad  e.    The  iii 

ir  method  _ 


.a  from  Tiibles  b  til 


II 


III 


IV 
Kniin 


I.,  410(1 


47.1)8 


of  uxiiig   Sir  Joliii  MuNi 

tnblea  58  nnd  50:  wliicli  we 

use  n^  tiibles  £  nnd  c.     Oppo- 

Kite  47  nnd  under  18  i 

*,  we  find  5978  wbicli 

in  oolunin  IV.  -■  _  ^     . 

Find  llie  verticnl  Jifl'erenop  Wia.:    181. 8fi 

betneeD  47  nnd  1 3,  nnd  48  nnd 
18tol)e21U,wliic]iinu1tlp1i 
by  tiiedeoiiniil.tl8,givesl7.1    . 
wLioh  put  in  col.   IV,     Fitiit 
tlie  boriKontal  dilfei 

tneen  47  and  13,  and  47  nnd  14  to  be  148, 
uliich  multiplieU  hy  O.o-i  gives  79.92,  which 
is  also  put  in  oui.  IV.  In  like  manner  we  Like 
from  tiible  «,  tabular  numbers  similar  to  those 
in  col.  IV  and  put  them  in  col.  V.  Now  ndd 
the  results  in  col.  IV.  and  V,  multiply  the 
sum  in  cul.  IV  by  the  base  i,  nnd  ihat  in  col. 
V  by  the  rntio  of  the  slope!?,  ndd  tlie  two  pro-  * 

ducts  together,  cut  otf  three  figures  to  the  ContouH  to  Cubic 
right  for  decimnis,  multiply  the  result  hj  the  coit'lant  viulliplh 
the  product  will  be  tlie  content  in  cubic  yards.  When  there  ni 
Bectians  having  the  same  Ungtli,  baxe,  nnd  ratio  of  slopes,  na  A,  B,  G,  <:"^i 
put  their  end  areas  in  col.  I.  Tlieir  nienn  heights  in  col.  II,  their  lengths 
in  col.  HE,  their  tnbiilnr  numbers  from  tables  b  and  c,  in  col.  IV  nnd  V  »» 
above,  wliere  S  nnd  Q  nre  the  sums  of  colunina  IV  nnd  V.  r  S  is  the  pro- 
duct of  col.  IV  X  liy  "i«  ratio  of  the  slopes  nnd  b  Q  =  cot,  V  X  *>?  "'* 
base.  Prom  their  sum,  cut  off  3  places  to  (he  right  and  proceed  ns  in  the 
uboTe  example. 
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BPHEBICAL  TRiaONOMETRy. 
346.     A  Spherical  lYiangte  ia  formed  by  Ibe  intersection  of  three  groat 
circles  on  the  aacface  of  n  ephero,    the  planeB  of  each  circle   passing 
through  the  centre  of  the  aphere. 

346.  A  Sphfrical  Angle  ia  that  formed  by  tbe  intersection  of  the 
pUnes  of  the  great  circles,  and  is  the  measure  of  the  angles  formed  by 
the  great  circles. 

347.  The  sides  and  angles  of  a  spherical  triangle  haTs  no  affinity  to 
those  of  a  plane  triangle,  for  in  a  spherical  triangle,  the  sidea  and 
angles  are  of  the  same  species,  each  being  measured  on  the  arc  of  a 
great  circle. 

348.  Aa  in  plane  trigonometry,  we  haye  isocelea  equilateral  oblique- 
angled  and  right-angled  triangles. 

349.  A  right-angled  triangle  is  formed  by  the  interaection  of  three 
great  circles,  two  of  which  intersect  one  another  at  right  angles,  that  is 
one  great  circle  must  pass  through  the  centre  of  tbe  sphere  and  the  pole 
of  another  of  tbe  tbree  circles. 

Let   the   side   of    tbe   triangle 
produced  to  meet  as  at  D  in  the  a 
neied  figure,  the  arc  B  A  D  and  B  C  D  | 
are  semi-circles,   therefore,  the   side 
A  D  ia  tbe  supplement  of  A  B,  and 
C  D  is  the  Bupplement  of  B  C  and  the 
A  A   D   C  is   the  supplementary  or 
polar  triangle  to  ABC. 

3a0.  Any  two  sides  of  a  ^  is  greater  than  the  third.  Any  side  is 
less  than  the  sum  of  the  other  two  sides,  but  greater  than  their  differ- 

861.  If  tangents  be  drawn  from  the  point  B  to  the  arcs  B  A  and  B  C 
the  angle  thus  formed  will  be  the  meaaure  of  the  spherical  angle  ABC. 

862.  The  greater  angle  is  subtended  by  the  greater  side. 
A  right-angled  A  ^^^  °^^  angle  of  SO". 

A  quadrantal  A  •>"»  one  s'de  of  90°. 
An  oblique-angled  A  ''"a  no  side  or  angle  =  90°. 
The  three  sides  of  a  spherical  A  are  together  less  than  360° 
The  three  angles  are  together  greater  tlan  two,   and  less  than  six 
right-angles. 

863.  The  angles  of  one  triangle  if  taken  from  180'  will  give  the  sides 
If  a  new  supplementary  or  polar  triangle. 

If  the  Bides  ot  t  ^  be  taken  from  180°,  it  gives  the  angles  of  a 
polar  A  . 

854.  If  the  sum  of  any  two  sides  be  either  equal,  greater  or  less  tbaii 
180°,  the  sum  of  the  opposite  angles  will  be  equal,  greater  or  less  than 
180°, 

855.  A  right-angled  spherical  A  ™*y  have  either. 
One  right  angle  and  two  acute  angles. 

One  right  angle  and  two  obtuse  angles. 
One  obtuse  angle  and  two  right  angles. 
One  acttle  angle  and  two  right  angles. 
Three  right  angles. 
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73h*10 

356.  If  one  of  the  sides  of  the  A  be  90°,  one  of  the  other  sidea  wil! 
ba  90°,  and  then  each  Bide  will  be  eqna!  to  its  oppoHite  <  .  And  if  anj 
two  of  its  sides  are  each  =  to  90°,  then  the  third  side  'u  =  to  90°. 

867.  If  two  of  the  angles  are  each  90°,  the  opposito  aides  are  each 
equal  to  90°. 

358.  If  the  two  legs  of  a  right-angled  /\  be  both  acute  or  both 
obtuse,  the  hjpothenuso  will  be  less  than  a  quadrant.  If  one  be  acute 
and  the  other  obtuse,  that  is  when  they  are  of  different  species,  the 
bypothennse  is  greater  than  a  quadrant. 

359.  In  any  right  angled  spherical  /\,  each  of  the  oblique  angles  is 
of  the  same  species  as  its  opposite  side,  and  the  sides  containing  the 
right  angle  are  of  the  same  species  as  their  opposite  angles. 

860.  If  the  hjpolhenuse  be  leas  than  90°,  the  legs  are  of  the  same 
speoies  as  their  adjacent  angles,  but  if  the  hjpothenuae  be  greater,  then 
the  legs  and  adjacent  angles  are  of  different  species, 

361.  In  any  spherical  ^  the  sinea  of  the  angles  are  to  one  anolhir  aj  the 
linei  of  their  opposite  sides. 


Sin.  a  ==  sin.  0  . 

in.  A,    Equat.  A. 

tan.  a  =  tan.  c  . 

coa.  B 

:^  tan.   A  .  Bin 

B,      Equation  B. 

Sin.  b  =  sin.  0 

■'■'■'==S^ 

Equation  C. 

tan.  b  =  tan.  b 

COS.  A 

=  tan.  B  .  sin 

A,      Equation  D, 

Cob.  a  —  COB.  a 

sin,  B, 

Cos.  B  =.  COS.  b 

sill.  A, 

COS.  A 
Sin.  B  = 

Cos.  0  =  EOS.  ft. 

COS.  b. 

Cos.  0  =  cot.  A 

cot.  B, 

8'°<'  =  ;d^"-x- 

Here  c  =  hypoth 

Lord  Napier  has  given  the  following  simple  rules  for  eolving  right- 
angled  spherical  triangles. 

The  sine  of  the  middle  part  ^:=prodiiet  of  the  adjacent  parts. 

The  sine  of  the  middle  part  =  prnduct  of  the  cosines  of  the  opposite  parti. 

In  applying  Napier's  analogies,  we  talie  the  complements  of  the  hjpn- 
thenusfl  and  of  the  other  angles,  and  r^ect  the  right  angle.  We  wU' 
arrange  Napier's  rules  as  follows,  where  co.  =;  complement  of  the  angle* 
ir  hypoth  er 


Bine  of  the  middle  pari. 

Ifl  equal  to  the  proiluct  of  tbe 

laueeuts  of  the  adjacent 

parts. 

Jb  equal  to  the  prodocl  olio 
coeinee  of  tlie  opposile 

Bine  oomp.  A. 
Sin.  comp.  c. 
Sin.  comp.  B. 
Sin^,  a. 
Bin.  b. 

tan,  CO,  c,  tan,  b. 

tan.  comp.  c.  .  tan.  a, 
tan,  comp.  B.  .  tan.  b. 
tan   CO.  A.  .  tan.  a. 

Cos',  b.'.  COS.  a.  ' 
Coa.  b,  ,  COB,  A. 
Cos.  oomp,  A  .  cos,  oon, 
Cos,  com.  c.  .COS.  coin. 

^y 
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It  is  easy  to  remember  that  odjacent  roquii-es  tongeut,  and  opposite 
requires  cosine,  from  tlie  lelter  a  being  found  in  tlie  iirst  sjliftbie  of  ad- 
jacent and  tjingent,  and  o  being  in  tbe  first  Bjilabie  of  opposite  and 

Sxamph  1.  Given  the  <  A  X  23=  28'  and  o  =  145"  to  find  the  sides 
a  and  b,  and  tbe  angle  B. 

Comp.  0  =  comp.  180  ~  US  =  35  and  55°  =  ccmp. 

Comp.  A  =  90"  —  23"  28'  =^  66°  32'. 

Sin.  a  =  ooB.  55»  X  o»9-  66»  32'  =  0.57858  X  0.39822-ftnd 
a  =  13"  12'  13"  =  natural  sine  of  0.22841. 

Hating  a  and  compTof  o,  we  find  B  =  50°  81'  and  b  =  24°  24'. 

ExampU2.  Given  b  =  46°  18' 23".  A  =  34°  27' 29"  to  find  <  B, 
Answer,  B  =  66°  59'  25". 

ExampU  S.  Given  a  =  4S°  24'  16",  and  b  =  59"=  38'  27".  We  find 
a  =  79°  23'  42". 

Ei^ampU  i.     Given  a  =  116°  SC  43"  and  b  =  29°  41'  32"     We  find 
A  =  103°  52'  48" 
Example  5.     Given  b  =  2D°  12'  50",  and  <  B  ^  S7°  26'  21"      We 

f  46°  55' 2"  or  a  =  133°  4' 58". 
ft    We  can  use  either  natural  or  logaritlimetio  numberfl. 
W'  QDADaANTAL  SPHKEICAL  T 

A  D  =  90°,  produce  D  B  to  C  i 
making  D  C  =  A  D  =  90°;  therefore  I 
the  HTo  A  C  is  the  mensare  of  the  f 
angle  A  D  B. 

If  the  <  D  A  B  is  less  than  00°, 
then  D  B  is  less  than  90".  But  if  the 
<I>  A  B  is  grealer  than  90°,  thei. 
the  side  D  B  is  greater  than  90°. 

EzampU.     Let  the  <  D  :=  42°  12'  =  Are  A  C  in  the  triangle  ABC, 
and  let  the  <  D  A  B  =  54°  43',  then  90°  —  54°  13'  =  350  17'  ™ 
<  B  A  C  =  <  A  in  the  ^  B  A  C. 
By  Napier-9  analogies,  sin.  oomp.  A  X  radius  ^  tan.  b  X  tan.  comp.  0. 


RaJ. 


IS.  A 


Rad.  , 


And  Sin.  t 


I.  54°  43' 

~ii:H:i2n2— =''°°' 

COS.  b  .  COS.  A  =  COS.  b  ,  sin.  A,  and  having  b  and  A  in  (he  above,  Tfe 
have  00a.  B  =  COS.  42°  12'  X  sin.  48°  0'  9"  =  64°  39'  55"  =  B. 
Agiuo,  Bin.  comp.  B  =  tan  a  .  tan.  oomp.  0  i.  e.  coa.  B  =  tan.  a  .  oot.  e 
^^-  "  =  ^t.^  ^^tTl8°-^9—  =  25°  25'  20"  =  valu«  of  .. 
-•-  90°  —  25°  26'  20"  =  64°  34'  40"  =  side  D  B.—Towio;  STHzo- 
WmeiTs. 

■  OBWa UK- AMQ LED  SPHERICAL  TRI4N01B3. 

Obllqne-ftngled  triangles  »re  divided  into  sis  cases  bj  Thomson  and 
("her  mathematioianB. 
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I,  When  the  three  sides  are  given,  to  End  (he  ajjgles. 

II.  When  the  three  angles  are  given,  to  find  the  sidea. 

III.  When  the  two  sidea  and  their  contained  angle  are  given. 

IV.  When  one  side  and  the  adjacent  angles  are  given, 
v.  When  two  angles  and  a  side  opposite  to  one  of  them. 

VI.  When  two  sides  and  an  angle  opposite  to  one  of  them. 

The  following  formulas  may  be  solved  by  logarithms  or  natural  num 

366.  The  following  is  the  fiindamenlal  formula,  and  is  applicable  f 
all  spherical  triangles.  Puissant  in  his  Geodesie,  vol.  I,  p.  58,  saje:  "I 
gerait  aise  de  prouver  que  I'equation  est  le  fondenfent  unique  de  toule  1 
Trigonometrie  spherique," 

Cos.  a  =  COS.  b  .  COS.  c  +  sin.  b  .  sin.  o  .  cos.  A. 

Cob.  b  =  oo3.  a  .  cos.  c  +  sin.  a  .  sin.  o  ,  cos.  B. 


From  these  we  can  find  the  following  equation 


Cos.  C  = 


Equatii^ 


If  we  have  a,  b  and  A  given,  then  side  a  :  sine  of  <  A  :  :  aide  b  to 
the  sine  of  <  B. 

The  following  formulas  are  applicable  to  natural  numbers  and  loga- 
rithms.    The  symbol  J  =^  square  root. 

367.     Casb  I.     Having  the  three  sides  g 
the  sidea. 


Kne  i  A I 
Bin.  i  B 
Sine  i  C  : 
Cos.  J  A  = 
Cos.  J  B  = 
Cos.  i  C  = 
Tan.  i  A  = 
Tan.  i  B  = 
Tan.  i' 


,.  (B 


a)sin.  (s^Q), 


)* 


.  (s-a)sin.  (B-b) 


^^)' 
^^)' 


,.(,-.).,te.   (.-0, 


.in.  ■..m.(.-b) 


=  half  the  sum  of 
Equation  A. 
Equation  B. 
Equation  C. 
Equation  D. 

Equation  S. 
Equation  F. 
Equation  Q- 
Bquation  E. 

Equation  I. 


/ 
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Cahe  II.     HsTiog  the  three  angles  ^ven,  to  6nd  the  sides. 


EqusUoQ  A. 

c-  1   ,.  y—  "08-  S  •  COS.  (S  -  BV 

i  b  =  ( _-___J__^)  J  Eq^,^H„„  B_ 

SinG  i  0  =  (— °;^_  ^  ."lilTB        )  *  Equation  C. 

Cos   *  a  -  /•"''■  *^  -  BWos-   (S  -  C) 

4  "^  -  (— ^^-^--^-^_)  j  Equation  D. 

Cos.  i  h  =  ( ^-_Z_^^_^_;)  J  Equation  E. 

-)  J  Equation  F. 

^''''  *  "  =  (003.(3""- A)  rcoMs'-B))  *  ^^"''"'"'  I- 

369.     CA9Ein.     When  two  sides  and  the,  angle  contained  by  them 
are  given  to  find  the  remaining  parla. 
Let  us  suppose  the  two  sidea  a  and  b  and  the  contained  <  =  C. 
Bj  Napier's  analogies, 
Cos.  H"  +  b)  :  COS.  J  (  a  «»  b)  :  ■■  cot.  i  G  :  tan.  }  (1  +  B)  Eqnat.  J. 
Sin.  i  {a  +  b)  :  Bin.  j  (a  «■  b)  :  :  cot.  J  C  :  tan.  J  (A  ™  B)  Equat.  K. 

Tan.  of  half  the  sum  of  the  unknown  angles  = 
001.  i  (a  «»  b)  ■  cot.  i  C 
"       COS.  i  (a  a-  b) Eqtiatioa  L. 

Tan.  of  half  the  difference  of  same  =  «'"■  H"  •"=  b)  .cot,  j  C 
Bin.  i  C'  +  b) 

Eqastton  M, 
"»  signifies  the  difference  between  a  and  b. 

Having  determined  half  the  sum  and  half  the  differenoo  of  the  angles, 
we  find  the  anglea  A  and  B. 
Tiien  the  side  o  may  be  found  from  (Equation  F.) 
ain.  B  :  sine  b  :  r  sine  0  :  sine  c,  from  which  c  is  found. 
870.     Napier's  analogies  for  finding  the  side  from  the  angle, 
cos.  (A  +  BJ  :  008.  (A  =^  B)  :  tun.  J  o  :  tan.  i  (a  +  b)  EquaUon  N. 
or  am,  (A  +  B) :  sin,  (A  ™  B) :  tan.  i  o  :  tbn  i  [«  -  bj  Equation  0. 

The  Talne  may  bo  found  from  the  general  equation. 
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371.     Cabb  IV,     When  one  side  and  the  adjacent  an'gles  are  given. 
Given  A  and  B  and  the  ailjacunt  side  e. 
00..  i  (A  +  B)  ;  00..  (A  „  B)  :  1.0.  }  o  :  too.  }(•  +  !■) 
•in.  }  (A  +  a)  :  Bin   A  (  ™  B)  :  :  l.o.  J  o  :  t.o.  J  (a  -  b) 
From  tlie.B  we  Imve  the  .ids.  a  and  b. 

And  to  find  <;  C,  we  hiTB 
^   ^  ^       COS.  }  (»  +  b) .  tsn.  J  (A  +■  B) 

cot.  }  C  = ^    '- -1'     ~—L  Equation  T. 

COS.  1  (a  «.  b) 

sin,  I  (ft  4-  b)  .  tan,  1  (A  —  B) 
cot.  J  C  =  ,    ■'-- ^-— 1  Equation  U. 

872.  Case  V.  When  two  sides  and  an  angle  opposite  to  one  of  them 
are  giyea,  as,  a,  b  and  the  angle  A. 

Sin.  a  :  sin.  b  ;  :  sin.  A  :  aio.  B  =  ,  '  ^'"'    .  .■.  we  have  B. 

To  find  C  and  c,  a3  we  haie  now  a,  b  and  A  and  B. 

We  haye  fron,  (Eq.  T)  cot  J  C  =  ^Hi±^M^M{A  +  B) 

'  '  ■  COS.  i(a«,.b)  '   ' 

and  from  (B)  we  have  the  *Wiie  of  o,  for 

COB.  i{A  +  B).tan.  *(*  +  li) 

tan.  J  c  = ^^i(A^Br"  *  ^^*     ""'^"^  ""  "«''' 

A,  B  and  C,  and  tbe  sides  a  and  b,  we  can  find  c,  beoauae  ain.  B  :  sin. 
C  :  :  sin.  b  :  sin.  c. 

Note.  As  the  yalue  dotcrmined  hy  f»oporlion  admits  sometimes  of  ft 
donble  value,  because  two  arcs  hare  the  same  sine.  It  is  therefore  bet- 
ter to  use  Napier's  analogies. 

873.  Cask  VI.  When  two  angles  A  and  B  and  the  side  a  opposite  to 
one  of  them  are  given  to  find  the  other  parts. 

Sin.  A  ;  sin.  B  :  ;  sin.  a  :  sin.  b  .-.  we  have  aide  b. 

By  Eq.  (V)  we  find  the  <  C. 

By  Eq.  (W)  wo  find  o,  wiiieh  may  be  fonnd  by  proportion. 

Note.  If  cosine  A  is  less  than  cosine  B,  B  and  b  will  be  of  tbe  same 
species,  (i,  e.,)  each  tnust  be  more  or  less  than  90'  in  the  above  propor- 
tion.    If  COS.  B  is  less  than  cos.  A,  then  b  may  have  two  values. 

87%.     Examples  with  their  answers  for  each  case. 

Cask  I.  Ei.  I.  Given  c  =  79M7' 1*",  b  =  58"  and  a  =  110=  to 
find  A. 

Answer.     A  =  121"  54'  56". 

Ex.  2.  Given  a  =  100°,  b  =  37°  16',  and  a  =  62°  46'. 

Answer.  A  =.176°  15' 40". 

Ex.  8.  Given  »  =  61"  82'  12",  b  =  83°  19'  42",  e  =  28"  27'  46"  to 
find  A. 

Answer.     A  =  20"  89'  48". 

Ei.  4.  Given  a  =  46",  b  =  72",  and  c  =  68°. 

Answer.     A  =  48"  58',  B  =  85"  48',  C  =  76°  28'. 
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Oabb  II.    Ex.1.     GiVen  A^gO",  B-^gfioe',  C  =  7]"86',  to  find 
the  sidea. 
Answer,     a  =  91=  42',  b  =  95°  22'  30",  o  =  TI"  31'  80" 
Ei   2.  A  =  80°,  B  =  5°,  C  =  88". 
Answer,     a,  =  63°  10',  b  =  1°,  c  =  63°  8'. 
Ei.  3.  A  =  103=  59'  57",  B  =  46°  18'  7",  C  =  S6°  7'  52". 
Anawer.     a  =  42°  8'  48". 
Case  HI.  Ei,  1.  Given  a  =  38°  30',  b  =  70°,  and  C  =  SI-  34'  26". 

Er.  2.   Given  a  =  78°  41',  b  ==  153°  30',  C  =  140=  22'. 

Answer.     A  =  133°  15',  B  =  160°  89',  o  =  120°  50'. 

Ei.  3.  QiTen  a  =  13,  o  =  9°,  B  =  176°  to  find  otiier  parts. 

Answer.     A  =  2°  24',  0  =  1"  40'. 

Case  :v.     Ei.  1.     Given  a  =  71°  45',  B  =  104°  5',  C  =  82' 18'  to 

Answer.     A  =  70°  81',  b  =  102°  17',  o  =  86°  41' 

Ex.  2.  A  =  30°  28'  11",  B  =  130°  3'  11",  o  =  40°  to  find  eto. 

Answer,     a  =  88°  30',  b  =  70°,  C  =  8l°  34'  26" 

Ei.  3.  Given  B  =  125°  37',  C  =  08°  44',  a  =  45°  64'  to  find  etD 

Answer.     A  =  fil"  55',  b  =  138°  34',  o  =  120°  26'. 

Case  V.  Ei.  1.  a  =  136°  25',  c  =  126°  40',  C  =  100°  to  find  eto 

Answer.     A  =  123°  19',  B  =  62"  6',  b  =  46°  48'. 

Ei.  2.  Given  a  =  84°  14'  29"  b  =  44°  13'  46",  A  =  130°  5'  22"  to 

Answer.     B  =  32°  26'  7",  C  =  36°  45'  28",  o  =  61°  6'  12" 

Ei.  8.  Given  a  =  64°,  o  =  22°,  C  =  12°  to  find  eto. 

Answer,     b  =  78°  16',  B  =  147°  53',  A  —  26°  41'  or 

b  =  33°  32',  B  =  17°  51',  A  =  153°  19'._i'„>..',  ;^;^„^„«^. 

Cabe  VI.     Ei.  1.     Given  A  =  103°  16',  B=.  76°  44',  b  =  30°  7'  to     - 

Answer,     a  =  149°  58',  o  =  164°  W,  C  =  149°  SO'.~T/wm,on 
Ei.  2.  Given  A  =  104°,  C  =  96°  a  =  138°  to  find  eto 
Answer,     b  =  17°  21',  c  =  186=  36',  B  =  25°  37',  or 
b  =  171°  37',  0  ==  43°  24',  B  =  167°  il'.—Pdrce. 
^  Ei.  8.     Given  A  =  17°  46'  lOJ",  B  =  161°  43'  52",  a  =  87°  48'  to 

Anawer.     b  =  180°,  c  =  74°  SO'.—Young-)  Tri^onomtlry. 

SPHERICAL   ASTRONOMY 
J.     Mercian,,  are  great  circles  passing  throngh  the  celestial  poles 


and  the  place  of  the  oh 


perpendicular  to  the  equinoctial. 


—  r — -  —   •■■"'  UDOO..C1,  uuu  are  perpenoicuiir  to 
Thej  are  called  hour  lines,  and  oLreles  of  right  ascensloo- 

Altitude  of  a  Cd,,m  Object,  is  its  height  above  the  horizon,  measured 
on  tho  meridian  or  vertical  circle. 


th'^t"""'*  "''  ■^'"""^  "^  "  =«'^^*'"'  "^i^"*-  i«  >-^^  "'c  intereepied  between 
He  Horlh  and  South  points  and  a  oirole  of  altitude  passing  through  the 


Azimuth  or  Vertical  CircU>,  pass  through  the  zenitb  and  nadir,  and  c 
the  horizon  at  right  angles. 

b 
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amsaiOAL   ABTEONOUy. 

r^t  ./.r  "■•w's-rT  "f " '°  •"""'•■ '"'  "fp"  ".»"'• 
;;°ir  r  ss"  "• """""'- '--  -'  - "-  '•  -' 

w  b.  .1..,.  .*irf  to  a,  ,b„„,<|  ,„|„j,     |g_^  T.bi,yvm )'       " 

if.  °^  T       '         "  "'"'"  "  "•  ••>'"'•''■     When  0.  l„a  „,ij,  „ 

•IIW,,  ..d  „  .1„„  to  l„,l„,„„j      (S„T.M„XTII) 
wwn  ^e   ought  to  be  aroided  aa  mtich  as  poasiUe. 

.,.rd'7o.r.*.r;.t"""' ■'•""-"'■'•'"■■'•' ■-''••■■'■>• 

M  Berth  or  South  of  the  eqninoolial. 
Felar  dafance,  is  the  deelination  talteo  from  90o. 

Jjyj.  ^,.™(..  ,,  the  a„  of  the  equl.o.tial  b.t™n  It,  „,«..  „d 
the  vernal  equmoi,  and  ia  reokoned  eastward. 

MaA  of  .  o.le.11.1  objeot  i.  a,  are  of  e.la.tlal  longitude  bet„e. 
«h  Ob,.,  and  th.  eellptlo,  and  1,  North  or  So.lh  latltud,  a.o.rdlng  a. 
the  objeot  „  utuated  with  re.p.ot  to  the  edlpti.  hot....  the  J„l  point, 
of  Ane,  and  a  elrol,  of  longitude  pa„lng  through  that  point. 

Jf.«  r™^  I,  that  ,ho.n  hr  a  elook  or  ehro.onet.r.  The  nte.n  da, 
is  24  hours  long.  -"tou  uoj 

A,p,Tm,  SoUr  D,„,  ar,  .om.ti.e,  more  or  l,„  than  2d  houi, 
JSj-tullta  0/  K™.  is  th.  eorroelion  for  .hanging  ..a.  tin,,  into  app.,- 
•.l  to,  and  «..  .»,.  and  i,  given  in  lb,  nauli.ai  aiaanae,  ...h  j.„. 
MylT,.,.     A  ..d.real  da,  i,  the  interval  b.l,...  t.o  suooesslve 

longth;  for  .11  the  fixed  star,  ..k,  their  revolution,  1.  .,u.l  tl...     Tb. 
.,d.,..l  „  shorter  than  th.  „e.n  solar  day  b,  3'  Mj".     Thl.  dW.renee 
...  omng  to  lb.  .un;,  annual  niollon  f,o„   W«l  to  «„,,  tj  ,hl.h  h. 
l.avea  the  atar  a,  if  it  wer.  behind  him. 

The  .la,  eulniinate,  3'  £6.6564"  earlier  ev.rjd.jthan  th. tint. .ho.n 
by  the  olook. 

CM  is™,  begin,  .1  midnight  and  ran.  to  12  or  noon,  and  then  ftoa, 
noon  again  12  hour,  to  midnight. 

^irenoa.,..!  or  Solo,  D.,,  1,  lb,  lime  het.e.n  t,o  „eo..,i„  transit. 
of  the  m,',  oentr,  ov,r  the  s.me  mmidhui.    It  h,il>,  at  noon  itnd  is 
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reokoDed  on  24  hottrg  to  tlie  neit  noon,  without  regarding  the  eiril  time. 
This  is  always  It     w  pp      nt  time. 

X'autkal  or  '<     D   /  b  f       12  hours  earlier  than  the  astronomical. 
Example.     C     Km     Ap   1  8th,  12ii,  =  Ast.  Sd.    Oh. 
ExampU.     C     1 1  m      Ap   I  Oth,  lOh.  =  Ast.  8d.  22h. 
If  the  oiTil  t  m    h    aft  n  of  the  given  day,  it  agrees  with  the 

astronomical;  b  t  wh  th  t  me  is  before  noon,  add  12  hours  to  the 
civil  time,  and  p  t  th  d  t  e  daj  back  for  the  astronomical.  The 
nautical  ve  tea  d  j       th  s  tbe  dmU  time,  the  noon  of  eaoh  is  the 

beginning  of  f  h       t        ml  day. 

876.  To  find  I  iph  t  t  m  heavaily  body  viAl  adminate,  ot  pats  the 
meridian  of  a  given  place.     (See  264e,  p.  69.) 

From  the  Nautical  Almanac  take  the  star's  right  ascension,  also  the 
R.  A.  of  the  mean  sun,  or  sidereal  time.  From  the  star's  R.  A.,  increased 
by  24  if  necessary,  subtract  the  sidereal  time  above  taken,  the  difference 
will  be  the  approsimate  sidereal  time  of  transit  at  the  station.  Apply 
the  correction  for  the  longitude  in  time  to  the  approximate,  by  adding 
for  E.  longitude,  and  subtracting  for  W.  loBgitude,  the  sum  or  difference 
will  be  the  Greenwich  date  or  time  of  transit.  The  correction  is  0.6571s. 
for  each  degree. 

Ex.    At  What  time  did  o  Scorpio  (An teres)  pass  the  meridian  of  Copen- 
hagen, in  longitude  12=  35'  E.  of  Greecwioh,  on  the  20th  August,  1846! 
Star's  R.  A.  =        16  20  02 

Sun's  B.  A.  from  sid.  col.  =  3  53  45.5 

Sidereal  interval,  at  station,  =  6  26  10.6 

Cor.  for  long.  =  12=35' X  0-05^18-=  +    _8.27 

(Here  3m.  53.553.  divided  by  360=  =  0.6571a.)  6  26  24/77 

This  reduced  to  mean  time,  =  6  25  21.46 

Xhe  correction  for  long,  is  added  in  east  and  subtracted  in  weat  long. 
Note.     The  sidereal  columns  of  the  Nautical  Almanac,  are  found  by 
adding  or  subtracting  the  equation  of  time,  to  or  from  the  sun's  B.  A. 
at  mean  noon.     What  we  have  given  in  sec.  264e,  will  be  safficiently 
near  for  taking  a  meridian  altitude. 

Rule.  Correct  the  sun's  attitude  ef  the  limb  for  index  error.  Subtract 
the  dip  of  the  horizon.  The  difference  =  apparent  altitude.  From  the 
apparent  altitude,  take  the  refraction  corresponding  to  tbe  altitude;  the 
difference  =  true  altitude  of  the  observed  limb.  To  this  altitude,  add 
or  subtract  the  sun's  semi-diameter,  takes  from  p.  2  of  the  Nautical 
Almanac,  the  sum  or  difference  ;=  true  altitude  of  the  auu's  centre. 
Add  tbe  sun's  semi-diameter  when  the  lower  limb  is  observed,  and  sub- 
tract for  the  upper. 

From  BO,  subtract  tbe  trae  altitude,  the  dilTerencQ  will  be  tbe  zenith 
distance,  which  is  north,  if  the  lenith  of  the  observer  is  north  of  tbe 
sua,  and  sontb,  if  his  lenith  is  south  of  the  sun. 

From  the  Kautioal  Almanac,  take  the  sun's  declination,  which  correct 
for  the  longitude  of  the  observer ;  then  if  the  corrected  declination  and 
the  ZGoith  distance  be  of  tht  sftme  name,  that  is,  both  north  or  south, 
their  sum  «ill  be  the  latitude ;  but  if  one  is  north  and  the  other  south, 
their  difference  will  be  the  latitude. 

p2 
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Example.     From  Norie's  Epitome  of  KaTigation,  August  30,  1851,  i 


long.  129°  W.,  the  meridian  altituiie  of  tbe  i 
57"  18'  80",  tlie  observer's  lenith  north  of  the  sun 
aboie  tbe  horizon,  IS  feet.     Require  the  latitude. 


lower  limb   waB 
Height  of  the  eye 


Observed  altiimJe,                                                              57  18  30 

Dip  of  the  horizon,  correction  from  Table  XVI,         —  4  08 

Apparent  altitude  of  sun's  lower  limb  =                        57  14  22 
Correction  from  Tables  XVII  and  SVIII  for  refraction 

and  parallax,                                                   —  32 

True  altitude  of  the  sun's  lower  limb  =                         57  13  60 

Sun's  semi-diameter  from  N.  A.  for  the  given  day  -f  15  52 


Zenith  distance  =  00  —  alt. 
DeclinatioQ  on  SOth  August,  h 
Declination  on  Slst  August,  U 


Declination,  30th  August,  1851, 
Correction  for  W.  longitude  129°  : 


North  latitude  =        41  31  05 

Norie  gives  41°  30'  53",  because  he  does  not  nsc  the  table  of  declina- 
tion in  the  N,  A.,  but  one  which  he  considers  approximately  near. 

As  the  Nautical  Almanacs  are  within  the  reach  of  every  one,  and  the 
expense  is  not  more  than  one  dollar,  it  is  presumed  that  each  of  our 
readers  will  have  one  for  every  year. 

Example  2.  On  the  17th  November,  1848,  in  longitude  80°  E.,  meridian 
altitude  of  sun's  lower  limb  was  50°  6'  south  of  the  observer,  (that  is, 
south  of  Ma  zenith)  the  eye  being  17  feet  above  the  level  of  the  horizon. 
Required  the  latitude.     Answer,  20°  32'  58". 

Note.     On  land  we  have  no  correction  for  dip. 

378.  To  find  the  ialiiude  w!im  the  celestial  object  is  off  the  meridian,  Sy 
hamng  the  hour  angle  between  Iheplace  of  the  object  and  meridian,  the  atti- 
tude and  declination  or  polar  distance. 

■Let  S  =  place  of  the  star.     P  the 
elevated  pole.     Z  ^  the  zenith. 

Here  P  S  =  p  =  codeclination  = 
ipolar  distance. 

Z  S  ^=  z  =  zenith  distance  and 
F   Z   is  tbe  colatitude  =  P,  and  the  | 
hour  angle,  Z  P  S  =  h. 

By  case  VI,  we  have   p.  z,  and  the! 
hour  angle  Z  P  8  =  h,  to  find  P  Z.    Let  fall  tbe  perpendicular  8  M.  f 
it  fall  within  the  A  S  P  Z,  then  we  have 
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Tan.  P  M  =  cos.  h  X  cotan,  declination  =  cos.  h  .  tan.  pol.  dial. 

Cos.  Z  M  =  COS.  P  M  X  sin.  a't-  X  cosecant  of  declination. 

Colatituda  =  P  M  +  Z  M  wben  tlie  perp.  falls  witliin  A  P  S  Z, 

Colatitude  =  P  M  —  Z  M  when  the  perp.  falls  without  the  same. 

It  18  to  be  obseryed  that  there  maj  be  an  ambiguity  whether  Ihe  point 
M  would  fall  inside  or  out  of  tiie  ^  P  S  Z.  This  can  only  happen  when 
(he  object  ia  near  the  prime  vertical,  that  is  dueE.  orW.  As  the  obser- 
vation should  be  made  near  the  meridian,  the  approximate  latitude  will 
aiiow  whether  M  is  between  the  po!e,  P  and  zenith,  Z  or  not. 

Having  thfl  two  sides  p  and  z,  and  the  <  h  ==  <  S  P  Z,  we  find  P  Z 
the  colat.  by  sec.  872. 

379.      Latititde  from  a  double  allUude  of  ihi  tan,  and  ike  elapitd  time. 

The  altitudes  ought  to  be  as  near  the  meridian  as  possible,  and  the 
elapsed  time  not  more  than  two  hours.  When  not  more  than  this  time,  we 
may  safely  take  the  mean  of  the  sun's  polar  distance  at  the  two  altitudes. 

Let  S  and  S'  be  the  posilion  of  the 
object  at  the  time  of  obserrations. 

Z  S  and  Z  S'  =  zenith  distances. 

P  S  and  P  S',  the  polar  distances.   , 

Angle  S  P  S'  =  elapsed  time.  I 

To  find  the  colatitude  =  P  Z. 

Various  rules  are  published  for  the 
solution  of  this  problem,  but  we  will 
follow  the  immortal  Delambre.  \ 

Delambre,  who  has  ealoulated  more  spherical  triangles  than  any  other 
man,  found,  after  investigating  the  many  formulas,  that  the  direct  method 
of  reaolting  the  triangle  waa  the  best  anil  most  accurate  method.  We 
now  have  thfl  following: 

P  S  and  P  S'  =  polar  distances.        \ 

Z  S  and  Z  S'  =  oolatitndes.  I  To  find  colat.  P  Z. 

Hour  angle  =  S  P  S'.  j 

Half  of  P  9  -(-  P  S'  =  mean  polar  distance  =  p. 

One-half  the  el^sed  time  in  space  =  h. 

Draw  the  perpendicular  P  M,  then  we  have 

Log.  sin.  S  M  =log.  sin.  wean  polar  dislanoe  +  log.  sin.  one-half 

hour  angle  in  space,  and  having  S  M  =  S'  M,  we  have  the  base,  S  M  S'. 

Consequently,  in  the  ^  S  Z  S',  we  hare  the  three  sides  given  to  find 

the  angles,  and  also  the  three  sides  of  the  triangle  P  S  S'.    By  sec.  367, 

find  the  angles  P  S  8'  and  Z  S  S'  .-.  the  <  P  S  Z  is  found,  a. 

IS  found  by  obaervntion,  then  we  hare  ii 


tnd  the 
triangle 


aides  P  S  ai 

P  S  Z  the  two  aides  P  S,  S  Z  and  the  angle  P  S  Z,  to  find  the  oolat.  P  Z, 

which  can  be  found  by  sec.  369. 

380.  To  find  the  latitude  by  a  meridian  altitude  of  Polaris,  or  any  other 
eiTcumpoiar  star. 

Take  the  altitude  of  the  object  above  and  belovr  the  pole,  where  great 
accuracy  ia  required.  Let  their  apparent  zenith  distances  be  z  and  i' 
respectively,  and  also,  r  and  r',  the  refractiona  due  to  the  altitudes,  then 

Colatitude  =  coneol  imith  distance  =  J(z  +  i'  -|-  r  +  r'.) 

Let  A  and  A'  be  the  correct  altitudes,  fheo  we  have 

Colatitude  =  i(180  —  {A  +  A')  +  (r  +  r'.) 

IvoTE.     Bare  we  do  not  require  to  know  the  declination 


1  of  ihe  object. 
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By  this  melhod,  we  obserre  Beveral  stars,  from  a  mean  of  -which  the 
latitui]e  may  be  found  -with  great  aoeuraoj.  The  instrument  is  to  be 
placed  in  the  plane  of  the  meridian  as  near  as  possible.  The  altitude 
irilt  be  the  least  beloiv  the  pole,  and  greatest  above  it,  at  the  time  of  ita 
meridian  transit  or  passage. 

881.     To  find  the  latitude  by  a  meridian  attitude  of  a  »tar  above  ike  pole. 

Correct  the  altitude  as  aboTe  for  the  sun.  From  this,  talie  the  polar 
distance,  the  difference  =:  the  required  latitude. 

Let  A  and  A'  =  corrected  altitudes  aboTe  and  below  the  pole. 

p  ^  polar  distance  of  the  object.     Then 

Latitude  ^  A  — p  when  *  is  above  (he  pole. 

Latitude  ^=  A  -f-^  wheti  *  is  below  the  pole. 

382.      To  find  the  latitude  iy  the  pole  star,  at  any  tme  of  the  day. 

The  following  formula  ia  given  in  the  BriiisL  Nautical  Almanacs  since 
1840,  and  is  the  same  in  Schumacher's  Ephemeris ; 
h^a-p-  COS.  h  +  i  nn.  l"(^p  sin.  Ay  tan.  a. 

-  i  ,in.  »  1"  (p  COS.  A)  (p  sin.  A)  a. 

If  we  reject  the  fourth  term,  it  will  never  cause  an  error  more  than 
half  a  second.     Then  we  hare 

L  =:^  a  —p  .  COS,  A  -j-  J  sin.  1"  {pain,  h)^  .  tan.  a. 

Here  L  =  latitude,  a  ;=  true  altitude  of  the  star. 

p  ^  apparent  polar  distance,  expressetl  in  seconds. 

A  =^  star's  hour  angle  =  S  —  r. 

S  =:  sidereal  time  of  observation. 

r  ^=  right  ascension  of  the  star. 

p  is  plus  when  tbe  *  is  W,  of  the  meridian,  and  negative  when  E. 

Example.  In  1853,  Jan.  21,  in  longitude  80°  W.,  about  2  hours  after  the 
upper  transit  of  Polaris,  its  altitude,  cleared  of  index  error,  refraction 
and  paraliax,  was  observed  =  40'  10'.  Star's  declination  =  88°  31'  47"- 
Uean  time  of  observation  by  chronometer  =  7h.  Om.  32.40b.  To  find 
tbe  latitude. 

1863,  Jan.  21,  Polaris'  R.  A.,  I  6  86.79 

Sidereal  time,  mean  noon,  Greenwich.  20  8    2.13 

Sid.  interval  from  mean  noon  at  Greenwich  =  5  2  34.0G 

Cor,  80°  X  0.6571,  to  be  subtraetecl  in  W.  long.  52.57 

Sidereal  interval  of  meridian  passage  at  station,         5  1  41.4a 
Mean  time  of  observation,  7h.  Om.  32.40s.  which, 

reduced  to  sidereal  time  by  Table  XXXI,  —         7  1  41.49 

Hour  angle  A  in  arc  =  80°  =  ia  Ume,  3  0  00 

p  ^  5292.6",  its  log.  =  3.7236691 
h  =  30°  its  log.  cosine,   9.937580e 

Log.  ot  pcos.  k=  8,6611997  ==4683.5  =  Erst  corvee  Hon. 

4583.6"  =  1°  16'  23,5"  ^  negalire  =  —  1°  16'  23.5"  =  first  cor. 

To  find  Ihe  second  correction. 
Log.  sin.  A  1=^  30°  =  9.6989700  J   _ 

Polar  dis,p  =  6292.6,  log  =  3.7236691  S  —  3-*2,6291 
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tan.  of  alt.  40'  10' 

=  3.4226291  X  2  =  6.8452782 
=  4.3845449 
=  9.9263778 

.tanra                               =  1.1562009 
=  + 14,31"  =  Beoond 

Altitude, 
First  correction 

40  10  00 
—    1  16  28.50 

Second  correction 

88  53  36.50 
+    00  14.31 

38  63  50.81  =  required  latitude. 

Note.     Here  ne  rejected  the  fourth  term  as  of  no  consequence. 

The  longitude  may  be  assumed  approsimatelj  near;  for  an  error  of 
one  degree  in  longitude,  makes  bat  an  error  of  0.63s.  in  the  bour  angle. 

383.     To  find  the  variation  of  the  compau  by  an  azimuth  of  a  star. 

At  sec.  264c  and  264h,  ire  have  shown  bow  to  find  the  azimuth,  i 
the  star  was  at  its  greatest  etongati 
time,  we  take  the  altitude,  an 
the  colatJtndB  of  the  place ;  tl 

Polar  distance,  P  S 

Colatitudg,  P  Z 

Zenith  distance,  Z  S 

To  find  the 

Aiimuth  angle  P  Z  3. 

We  find  the  required  angle  P  Z  S  by  sec.  367. 

By  Table  XXIII,  we  can  find  the  azimuth  from  i 
of  certain  circumpolar  stars. 

884.  To  find  at  what  time  Polaria  or  any  other  star  will  be  at  il3  grealeel 
eoitem  or  western  elongation  or  azimuth.  Us  true  aUilude  and  greatest  azimuth 
at  that  time.     Also  to  determine  the  error  of  the  ehronomler  or  watch. 

In  the  following  eiample,  let  P  =  polar  distance,  L  =.  latitude, 
R.  A.  =  right  ascension,  and  G.  A.  =  greatest  aaimulb. 

Giyen  the  latitude  of  obseryatory  house  in  Chicago  =  41°  50'  30"  N. 
longitude,  87'  34'  7"  W.  on  the  1st  December,  1866,  to  find  the  aboTe. 

Polaris,  polar  distance  =:  1°  24'  4''. 

Note.  In  determining  the  greatest  asimuth,  we  select  a  star  whose 
polar  distance  does  not  eiceed  16°,  and  for  determining  the  true  mean 
Ume,  we  take  a  star  whose  polar  distance  will  be  greater  than  16'  or 
about  20  to  30',  and  which  can  be  used  early  in  the  night.  Calculating 
(he  altltiide  and  time  of  the  •tar's  greatest  atlmutli,  is  ttaimed  by  Mg  o» 
wew,  nmple  and  infallibly  true,  and  can  be  /THuid  by  any  ordinary  «Hr- 
neying  inalrttment  utlutae  vertical  arc  reads  to  minvtea. 

It  is  generally  believed  by  surveyors,  that  when  Polaris,  Alioth  in 
Ursa  Majoris,  or  Gamma  in  Casaiopeae,  are  in  the  saote  plane  or  verti- 
cal line,  Polaris  is  then  on  the  meridian. 
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It  is  to  be  much  regretted  that  the  above  two  last  Damed  stars  so  much 
used  by  surveyors,  baye  not  found  place  in  the  British  or  American 
Epbemeris.  However,  -we  have  calculated  the  B,  A.  and  dedination  of  them 
ft7i  1940.    See  Table  XXV. 

Note.  We  will  send  a  copy  of  this  part  of  our  work  to  the  respective 
Nautical  Almanac  offices  above  named,  urging  Ihe  necessity  of  giving  the 
right  ascensioa  and  declmatioo  of  these  two  sCara.  With  wbat  success, 
our  readers  will  hereafter  see. 


Time  from  Merid.  Passage- 

..O.A, 

Greatest  Aximutb. 

Tan,  p 
TBn.L  + 

8.3884S7 
9.951028 

Radius, 
Sine  L  + 

10.000000 
9.824174 

Radius  =       lO.OOOOOO 
Sine  p  =  +    8.888307 

Less 

18.839460 
10. 

Cob.  p  — 

19.824174 
9.999870 

18,388307 
CoB,*L—          9,872151 

Cosine  = 
88"  44'  53' 
Sid.  5h.  54 

8.339460 
n.  50,58s. 

Sine=                9.824304 
True  alt.         41=  61'  25" 
Cor,  tab.  XII  +     1      8 
Appt.  ait.       41"  52'  33" 

Sine=             8.516156 
1"  52'  51" 
Greatest  azimuth. 

16      41      25.04 
8      29      29.26 
Cor.  for  87°  34'  7"  at  0,0671s.  for  each  deg.    —  57.54 

Upper  transit  in  sidereal  time  ;^  8      28      81.72 

Time  from  meridian  passage  to  G.  E.  A.  =  6      64      69.53 

This  would  be  in  day  time,  for  G.  E.  A.,  2      88      32.19 

This  is  after  midnight,  for  Q.  W.  A.,     '  14      28      21.25 

Or,  December  2d,  2      28      21.25 

Which,  if  reduced  to  mean  time,  gives  2      22      57.70 

885.  To  find  the  azimuth  or  bearing  of  Polaris  from  the  meridian,  when 
Polaris  and  Alioth  (Epiilon  in  Ursa  Maforis)  are  on  Ihe  same  vertical  line. 

Example.  The  latitude  of  observatory  house  in  Chicago,  (corner  ol 
26th  and  Halated  slreets.)  ia  41°  50' 30".  Required  the  azimuth  of 
Polaris  when  vertical  with  Alioth,  on  the  first  day  of  January,  1867. 

Bight  Ascension.  Ann.  variation.  M,  P,  D.      Ann,  varialion, 

Polaris,    Ih.  10m,  17a.       +      19.0613.     I      1°  23' 59"     —     19.12" 
Alioth,   12h.  48m.  lOs.       +        2.6f!ls.      I    33=  19' 05"    —     19.67" 
Gamma,  Oh.  48m.  42a.       +        3,5i;ls.     |    30°    0'  15"    —     19.613" 
Latitude,  41°  50' 30".-.  colalitude  =  4S°  9' 30". 
Polaris  N.  P.  D.  1°  24'  and  colat.  less  polar  diatanoe  =  Z. 
Altitude  above  the  pole  =  43°  14'  29" 
48»  9'  30"  —  1°  24'  =  46°  45'  30",  lenilh  dist.  of  Polaris, 

To  find  Alioth's  zenith  distatiee. 
Latitude,  41°  50'  30" 

Alioth  below  the  pole,  33°  19'  05"  =  polar  distence. 

Alioth's  altitude,  8"  31'  25"  under  tranait. 

AUoth'fl  zenith  distance,  81*  28'  85" 

Polaris'  upper  tranait,  Ist  January,  1807,  lb.  10m.  I7a. 

Alioth's  upper  transit,  12h.  48m.  lOs.   Under  at  Oh.  48m.  lOa. 
Hour  angle  in  space  = 


.'  45",  in  time  = 


■  22m,  07s. 
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Here  we  find  that  Alioth  passtB  the  meridian  below  the  pole  22m,  Ts, 
earlier  than  Polaris  will  pass  above  it,  oonseqaeotly,  tbey  will  be  Yerti- 
oal  E.  of  the  meridian. 

Ab  Polaria  mores  about  half  a  minute  of  a  degree  in  one  minute  of 
lime,  It  is  evident  (hat  we  ma;  take  tlie  zenith  distancea  of  both  stars  the 
same  as  if  taken  on  the  meridian  without  an;  sensible  error. 

We  have  ia  the  ^^  P  Z  S,  fig.  in  sec.  383,  the  sides 

P  S  =  polar  distance,  '£  S  ^  zenith  distance.  And  the  hour 
angle  S  P  Z,  in  space,  to  find  the  azimuth  angle  S  Z  F.     Bj  sec.  3T2, 

,.  1.,.  .1..  <  s  z  p  _  •^<ll^-p21  =  — ^v-" 

.,„.  <  g  „  ^  !liLq}li|^'^^-Jl'  _(,.„, 

That  is,  the  azimuth  of  Polaris  is  11' K.  of  the  meridian,  when  Alioth  is 
on  it  below  the  pole.  Alioth  is  going  E.  and  Polaris  going  W.,  there- 
fore, thej  meet  E.  of  the  meridian.     Their  motions  are 

sine  polar  distance  of  Polaris  sine  polar  distance  of  Alioth, 
sine  of  its  zenith  distance  •  sine  of  its  zenith  distance. 
sine  1°  24'  .      sine  83°  19'  06"    .     .    .0244  ■    .5468 

Bine  46=>  45'  80"     .      sine  81°  28'  35"    .     .    .7285  ■  "^89~~~ 
Or  as  0.0244  X  0.9890  :  0,6468  X  0.7285.     Or  1  :  16. 
And  17  :  IF  :  ;  1  :  Polaris'  space  moved  west  =  39"  nearly. 
Therefore,  11'  —  39"  =  N.  10'  21"  E,  =  required  azimuth. 
386.     To  find  the  azimuth  of  Polaris  lehen  on  Me  jams  vertical  plane  with  j 
in  Una  Mojorii,  in  Chicago,  on  the  1«  Jan,,  1867:  Lat.  41"  50'  30". 
R.  A.  of  Polaris  at  upper  transit,  lb,  10m,  178. 

R.  A.  of  7  Urs.  Maj.  at  upper  transit,  11  h,  46m,  49b. 

"  "       "       "  under  transit,  23h.  46m,  49s. 

Hour  angle  in  space,  20°  52'  =  in  sidereal  time  to,  lb,  23m,  28b. 
Polaris'  polar  dist.  above  the  pole  =1°  24'  .-.  its  alt.  =43°  14'  30", 
and  the  altitude  talien  from  &0°,  gives  the  zenith  dist.  =46°  45'  30". 
Gamma's  polar  distance,  from  Nautical  Almanac,  35°  84'  below  the  pole 
,-.  its  alti(ude  =  41''50'30"  — 35°  34'=6°  16'30",  and  its  zenith 
diatanoe,  83"  43'  30". 

In  the  A  8  P  2,  we  have  the  hour  <  S  P  Z  =  h,  equal  to  20°  52', 
P  S  =  1"  24',  and  Z  P  ^=43°  14'  30".     By  sec.  372, 
Bin.  20°  52' X  sin.  1°  24' 

BiQ.  <  S  Z  P=. .^ .  By  using  Table  A, 

Bin.  46°  45'  30" 
we  have  sin.  S  Z  P  =  .35619  X  ■02443 

=  .01195  =  41' 

. 72837 
Angnlar  motion  of  Polaris  is  to  the  angular  motion  of  y  neatly 
BID.  polar  dist.  of  Polaris      •      sin.  polar  dist.  of  y 
sin.  of  ilB  zenith  dist.  .     sin.  of  its  zenith  dist. 

thatia,     -^^   \    ^^    '.     ',    l^TxTn.'z   ■  ^-     1*^  Table  A, 
sin.  P  =  sin.  35°  34'  =  . 5817 
ain.  z  =  Biu.  46° 45'  30"  =.7284.     Their  product  =  .42371028  ==  B, 
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Sin,  p  X  sin.  Z  =  sin.  1"  24'  X  ain.  88°  43'  30"  ^  .0244  X  ■  294  = 
.02428342  =C,  divided  into  B,  gives  the  valne  of  tlie  4tb  number  =27. 
As  y  moves  E.  27'  and  Polaria  moves  W.  1'  in  the  same  time,  making  a 
total  distance  of  28'  .-.  28  :  41'  :  :  I  :  1'  28",  which,  taken  from  the 
above  41',  leaves  the  aiimuth  of  Polaris  N.  39'  32"  E.  of  the  meridian. 

Table  XXIII  gives  the  greatest  azimuths  of  certain  stars  near  the  North 
and  South  Poles ;  bj  which  the  true  bearing  of  a  line  and  variation  of  the 
compass  can  be  found  several  times  during  the  night.  There  are  several 
bright  stars  near  the  North  Pole.  The  nearest  one  to  the  South  Pole  is 
fi  Hjdri,  which  is  doiv  about  12°  from  it.  This  circumslaoce  led  ua  to 
ask  frequently  whj  there  should  not  be  the  same  means  given  those  south 
of  the  Equator  as  to  those  north  of  It.  It  was  on  the  night  of  the  IStb 
January,  1867,  as  we  revelled  in  a  pleasant  starry  dream,  that  we  heard 
the  words — God  has  given  tkt  Cross  lo  man  the  emblem  of  and  guide  to  tal- 
vatimt.  He  has  also  made  the  Southern  Crou  a  guide  in  Surveying  and 
I/avigation.  Not  a  moment  was  lost  in  seeing  if  this  was  so.  We  found 
from  our  British  Association's  Catalogue  of  Stars,  that  when  a'  (a  star  of 
the  £rst  magnitude)  in  the  foot  of  the  Southern  Cross  was  vertical  with  ^ 
[a  bright  star)  in  the  tail  of  the  Serpent,  that  then,  in  lat.  12°,  they  were 
within  1'  12"  of  the  true  meridian,  and  that  their  annual  variatioas  are 
ao  small  as  lo  require  about  50  years  to  make  a  change  of  half  a  minute 
in  the  azimuth  or  bearing  of  any  line. 

We  rqoice  at  the  valuable  discovery,  hut  struck  with  awe  at  the  fore- 
thought of  the  Qreat  Creator  iu  ordaining  such  an  infallible  guide,  and 
brought  once  more  lo  mind  the  expression  of  Cap!.  King,  of  the  Royat 
Engineers,  who,  after  taking  tlie  time  according  to  our  new  raelhod,  in 
1846,  near  Ottawa,  Canada,  and  seeing  the  perfect  work  of  the  heavens, 
said — "  Who  dares  lay  there  is  no  God?" 

Our  readers  will  perceive  that  Tables  XXIII,  XXVI,  XXVII  and 
yxyilT  are  original,  and  the  result  of  much  time  and  labor. 

Table  XXVI  gives  the  azimuth  of  a'  Crucis  when  vertical  with  /?  Hydra 
th  the  southern  hemisphere  until  the  year  21j>0. 

Table  XXVIl  gives  the  azimuth  of  Polaris  when  vertical  with  Aliotb 
in  Drsa  Majoris  until  the  year  1940, 

Table  XXVIII,  when  Polaris  is  vertical  with  7  in  Cassiopeae  till  1940. 


The  true  time  may  be  obtained  by  a  meridian  passage  of  the  sun  or 
star.  When  the  telescope  is  in  the  plane  of  the  meridian,  as  in  observa- 
tories, we  find  the  meridian  transit  of  both  limbs  of  the  sun,  the  mean  of 
which  will  be  the  apparent  noon,  which  reduce  to  mean  time  by  adding 
or  subtracting  the  equation  of  time.  If  we  observe  the  meridian  pai- 
sage  of  a  star,  we  compare  it  with  the  calculated  time  of  transit,  and 
thereby  find  the  error  of  the  chronometer  or  watch. 

388.  By  equal  nliMudet  of  a  star,  the  mean  of  both  will  be  the  appar- 
ent time  of  transit,  which,  compared  with  the  calculated  time  of  transit, 
will  give  the  error  of  the  watch,  if  any. 

380,  By  equal  altHudes  of  the  sun,  taken  between  9  a.  m.  and  3  r.  h- 
In  this  method  we  will  use  Daily's  Formula,  and  that  part  of  his  Table 
XVI,  from  2  to  8  hours  elapsed  time  between  the  observations. 
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X  ^  ±  A  J  tao.  L  +  B  J  tan.  D.     Hera 

T  =  time  in  hoars,  L  =  latitude  of  place,  mirtui  when  south. 

D  =  dec.  at  noon,  nlso  minus  when  soiUh. 

J  =  double  Tftriation  of  dec.  in  seconds,  deduced  from  the  noon  of  the 
preceding  day  to  that  of  the  following.     Minus  when  the  aan  is  going  8, 

X  =  correction  in  seconds,  A  is  minus  if  the  time  for  noon  is  required, 
aadplus  uhen  midnight  is  required.  The  values  of  A  and  B  for  time  T, 
may  be  found  from  Table  XXVIIIa,  which  is  part  of  Bailj's  Table  XVI, 
and  agrees  with  Col.  Frome's  Table  XIV,  in  hia  Trigonometrical  Survey- 
ing, and  also  with  Capt.  Lee's  Table  of  Equal  Altitudes.  We  give  the 
values  of  A  and  B  but  for  6  hours  of  elapsed  time  or  interval,  for  before 
or  after  this  time,  (that  is,  before  9  a.  m.  or  after  3  p.  m.)  it  will  be  better 
to  take  an  altitude  when  the  bud  is  on  or  near  the  prime  vertical,  which 
time  and  altitude  may  be  found  from  Tables  XXI  and  XXII  of  this  work. 


390,     To  determine  the  time  at  Tascke  in  lat.  45°  48'  north,  <, 
August,  1844,  by  equal  altitudes  oflhs  sun. 


lie  9(A  0/ 


Chronom 
A.M. 

(er  Time. 
P.M. 

Elap.  timp  T. 

Value  of  X. 

Alt.  V.  I 

78  CO 

1   28   23 

h    m    s 
8  03  Ifi.yl 

h    m 

« 

T9  19.30 

1   29   52.8 

8  01  46.31 

fi  33 

10.63 

85  36.00 

I   49   33 

7  42  18     1 

" 

87  02.10 

1    53   53.5 

7  37  46-2  ) 

5  48 

10.1 

Here  the  sun  is  going  south,  therefore  D  Is  wm™.  The  lat.  is  north, 
■  ■.  L  ispttii.  Also  f  is  mimis.  We  want  the  lime  of  noon,  .  ■,  the  value 
of  A  is  minus,  and  —  A  X  —  -» X  +  L,  vrill  be  positi.e  or  plm,  and  also, 
B  X  —  dX^^i  willbe^ius  in  the  following  cnloulafion,  where  we  find 
cf  =  2094"— from  the  Nautical  Almanac : 

T  =  6h.  3m.  its  log,  A  =  —  7.7793,  and  log.  B  =  —  7.5951 
'1  =  2094",  its  log.  r=  —  3.3210,  log,  J  =  —  3.810.  . 
L  =  45°  48'  log.  tan.  =  +  0.0I2I,  log.  tan.  D  =  —  9,4433. 
First   oorrection  -|-  12,95s,  =  1.1124.     2.32s.  =  -  03654. 
Second  correction        2.32 

X  =  10.63 

Time  A.  M.  =  (  =  Ih,  28m.  23,0s, 


49.75 

10.63 

00,38  chronometer  time  of  app't  iiuuu 
09.09  equat.  lime  from  Naut.  Almanac 


pZ 


4h. 40m.  51,29s,  chronom.  fast  of  mean  time,  »( 
app't  noon,  Augnst  9,  1844 


Sfe'fflr"^'"' 
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SPKEErCAL  ASTEONOMT. 


Correct  this  for  the  daily  rate  of  loss  or  gain  bj  the  cbronometer,  the 
result  will  be  the  true  mean  lime  of  chroQOioeter  at  apparent  nooo.  This 
time  converted  into  space,  will  give  the  long.  W.  of  the  metidisn, 
whose  mean  time  the  chronometer  is  supposed  to  keep.  The  above  is  one 
of  Col.  J.  D.  Graham's  observations,  as  given  by  Captain  lee,  U.  S,  T.  E. 
in  his  Tables  and  Formulae. 

Time  by  Equal  Allitmlis.     {See  sec.  388.) 
We  set  the  instrument  to  a  given  altitude  to  the  nearest  minute  in 
advance  of  the  star,  and  wait  till  it  comea  to  that  altitude. 

Bxamplt  front  Young'a  Naulical  Astronomy, 
ObservBtioDS  made  on  the  star  Aratnrus,  Nov.  29,  18fi8,  in  longitude 
98'  80'  E.  (0  find  the  time : 
*''l'S?'S,?L??.''  ^'  '■'1'?^'  ^™°  by  Sum  of  TlmM. 


43  10 
43  .■!0 


r  li  55  47  ) 
\  18  n  55  / 
I  U  57  67  1 
t  18  9  45  f 
f  12  0  7  1 
1  18  7  35  / 


0  7  42 
0  7  42 
0  7  42 


From  the  sum  of  the  times,  we  get  the  chronometer  time  of  the  star's 
meridian  passage,  or  transit,  equal  to  I5h.  8ni.  51b. 

Areturus,  R,  A.  Nov.  29,  14     9  Vi 

E.  A.  of  mean  san.  Bid.  col.,  16  20  48    Diff.  for  lb.  =  + 10.763. 

Mean  time  of  transit  at  station,    21  48  25  nearlv.  igj  hours. 


Long.  98°  30'  E  in  time, 
Mean  time  at  GreEnwich, 
Cor.  forI5J  fcours, 

Mean  time  at  Greenwich, 
Mean  Ume  by  chronometer 

Mean  time  of  transit  Et  nlai 
Cor.  for  ii 


6  24  00  subtract.  164709~' 

15  14  25  nearly,  or  2rQ.  44s. 

—         2  44  subtract,  because   R.  A.  is 

— —     increasing. 

15  11  41 


15 


3  51 

7  60  at  station. 


le  in  R.  A-. 


Mean  time  as  shown  by  chrcnomefer, 
Error  of  chronometer  on  mean  time 

By  sec.  388.     Set  the  altitude  t*  a  f 

till  the  star  comes  to  this,  and  note  th 

Tims  bsfo™  Midnight  A  llltuJoso 


50  10 
50  20 


9  50  10 
9  50  20 
_9  M  21 
9  fiO  20  3 
14  7  29  7 
i]  23  o7  50  0 

11  68  65     Mean  time  by  clock  al 


21  48  25  nearly. 
2  44 


e  41  50  at  stati 
in  advance,  and  n 


ne  aflcr  MMoighl. 
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390  *  True  time  hj  a  Horuontat  Dial 

This  dial  is  made  on  alaU  or  brass,  well  fastened  on  the  top  of  a  post 
or  oolumn,  and  the  face  engraved  lite  a  clock.  (See  fig.  49. )  It  may  be 
set  by  finding  tlie  true  mean  time  and  reducing  it  to  the  apparent,  by 
meiQB  of  the  equation  of  time,  fonnd  in  all  almanacs.  HaTing  the  correct 
apparent  noon  bj  clock,  set  the  dial. 

Otherwki.  Near  the  dial  mate  a  board  fast  to  some  horizontal  surface, 
on  which  paste  some  paper,  and  drarf  thereon  several  eccentric  eirclea. 
Perpendicular  to  Ihis,  at  the  common  centre,  erect  a  piece  of  line  steel 
wire,  and  watch  where  the  end  of  its  shadow  falls  on  the  circlea  between 
the  hours  of  9  and  3.  Find  the  termini  on  two  points  of  the  same  or  more 
circles;  bisect  the  spaces  between  them,  through  which,  and  the  centre 
of  the  circles,  draw  a  line,  which  wiU  be  thel2  o'clock  hour  line,  from  which, 
at  anj  future  time,  we  may  find  the  apparent,  and  hence  tbe  trui 

A  brass  plate  may  be  fastened  to  an  upper  window  Bill,  i 
ft  perpendicular  wire  as  gnomon,  and  draw  the  meridian. 

Calculation.     Vie  hare  the  latitude,  hour  angle  and  r 
hour  are  from  the  meridian. 

RiiU.  Rad.  :  sin.  lat.  :  :  tan.  hour  angle  :  tan.  of  the  hour  arc  from^ 
the  meridian.  „^ 

EmmpU.  Lat.  41°.  Hour  angle  between  10  and  12  =  2  hoars  =  30=. 
As  1  :  ,65606  :  :  .57735  :  tan.  hour  arc  =  .37878,  whose  arc  is  = 
20=  44' 56".  ,    „ 

In  like  manner  we  calculate  the  arc  from  12  to  each  of  the  honra,  1,  3 
and  5,  which  are  the  same  on  both  aides.  The  morning  and  evening 
hours  are  found  by  drawing  lines  (see  fig.  49)  from  3,  4  and  5  through 
the  centre  or  angle  of  the  style  at  c.  These  will  give  the  morning  hours. 
For  the  evening  hours,  draw  the  lines  through  7, '8,  9,  and  centre  d,  at 
the  angle  of  the  etyle.  The  half  and  quarter  hours  are  calculated  in  like 
manner.  The  slant  of  the  gnomon,  d  f,  must  point  to  the  elevated  pole, 
and  the  plate  or  dial  be  set  horizontal  for  the  lat.  for  which  it  is  made. 
The  <  of  the  gnomon  is  equal  the  latitude.  A  horiiontal  dial  made  for 
one  latitude  may  bo  made  to  answer  for  any  other,  by  having  the  line  df 
point  to  the  elevated  pole.  Example.  One  made  for  lat.  41°  may  be  used 
in  kt.  50°,  by  elevating  the  north  end  of  the  diiil  plate  9°,  and  vice  vena. 

The  following  table  shows  the  hour  arcs  at  four  places  : 


1  radius  to  find  the 


Lat.  41°. 

Lat.  49°. 

Lat.  54°  36'. 
Belfast,  Ihelanu 

Lat.  56°  52'. 

GlASaOW,SC0TL'D. 

Ih,  =  9°  68' 

2  20  45 

3  88   IG 

4  48   39 

5  67   47 

6  90  00 

11°   26' 
28      33 
37     03 
62      35 
70     27 
90     00 

12°     19' 
25       12 
39       11 
54       41 
71       48 
90       00 

12°    80' 
26      321 

89  87i 

65    oei 

72      04 

90  00 

To  set  off  these  hoar  arcs,  we  may,  from  a,'  set  off  on  line  «  n  the  chord 
of  60°  and  describe  a  quadrant,  in  which  set  off  from  the  line  c  n  the  hour 
arcs  above  calculated. 

In  our  early  days  we  made  many  dials  by  tiie  following  simple  method : 

We  draw  the  lines,  e  n  and  p  A,  ao  that  c  g  will  be  5  inches,  and 
described  the  quadrants,  c,  g,  k. 

We  have,  by  using  a  acala  of  20  parta  to  the  inch,  a  radius  c  i  =  lOO. 

As  the  chord  of  an  arc  is  twice  the  sine  of  that  arc,  wa  find  the  Bines 
of  half  the  above  hour  arcs  in  Table  A ;  double  it ;  aet  the  decimal  mark 
two  places  ahead ;  those  to  the  left  will  be  divisions  on  the  soale  to  be  Bet 
off  from  it  in  the  arc  *  g.     Example — 

Lethalf  of  thehourarc  =  4°  59',  twice  its  aine  =  .17374,  which  giye 
17.4  parts  for  the  chord  to  be  aet  off. 
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391.  By  OUT  neu!  method,  we  select  one  of  the  bright  oircumpolar  stars 
giTen  in  the  N.  A.,  whose  polar  distance  is  between  15  and  30  degrees. 
(See  our  Time  Stars  in  Table  XXIV,) 

Bj  sec.  264c,  we  iind  the  sidereal  time  of  its  meridian  passage  =  T. 

Bj  sec.  2645,  we  find  its  hour  aogle  from  ditto  =  I. 

Bj  sec.  264/,  we  bave  its  true  altitude  A,  when  at  its  greatest  azimuth 
or  elongation  from  the  meridian. 

Example,     Star,  S,  on  a  given  day,  in  latitude,  L,  passed  the  meridian 


fttUme.T,  and  took 

We  now  reduce  the  sidereal 
Greatest  eastern  azimuth  w! 
Greatest  western  ditto, 
True  altitude  of  its  greale?t 


Is  greatest  azimuth,  e 


it  time  T  —  (.     Mean  time. 
T  -f  (.  Ditto. 


refraction  and  i  indes  error,  then  App.  alt.  =  A  -{-  r  ^  i. 

We  now  set  the  instrument  a  few  minutes  before  the  calouialed 
sidereal  time  reduced  to  mean  time,  and  eleTate  tJie  telescope  to  the 
alt.  =  A  -[-  r  ±  i,  and  observe  when  the  star  comes  to  the  croas  hairs 
at  time  T'. 

The  difference  between  meaQ  time,  T  ±  !  and  T'  gives  the  error  of 
time  as  shown  by  the  watch  or  chronometer. 

This  method  is  eitremely  accurate,  because  the  star  cbaoges  its  alti- 
tude rapidly  when  near  its  greatest  elongation.  As  we  may  take  several 
stars  on  the  same  night,  we  can  have  one  observation  to  check  another. 

Kow  having  the  (rue  time  at  station  and  an  approxiiaate  longitude,  we 
can  find  a  new  longitude,  and  with  it  as  a  basis,  find  a  second,  and  so  on 
to  any  desired  degree  of  accuracy. 

392.  Tojind  Ike  difference  of  Longitude. 

1.  By  rockets  sent  up  at  both  stations,  the  observers  having  previously 
compared  their  chronometers  and  noted  tbe  time  of  breaking. 

2.  As  the  last,  but  instead  of  rockets.  Sashes  of  gunpowder  on  a  metal 
piste  is  used.  This  signal  can  be  seen  under  favorable  circumstances,  a 
distance  of  forty  miles. 

3.  By  the  electric  telegraph. 

4.  By  the  Heliostat. 

6.     By  the  Drummond  light. 

6.  -By  moon  culminating  stars. 

7.  By  lunar  observations. 
In  7,  we  require  the  altitudes  of  the  moon 

distance  between  the  moon's  bright  limb  and 
thns  requiring  three  observers.  If  one  has  to 
altitudes  first,  then  the  lunar  distance,  note 
observations  in  reverse  order,  and  find  the  m 
the  mean  lunar  distance. 

8      By  oocullatioQ  or  eclipse  of 


star,  and  the  angular 

it  alone,  he  takes  the 
times,  and  repeat  tbe 
reduced  altitude,  also 


,ra  by  the  moon. 

893.  By  the  Etectrie  TeUgraph. 

The  following  example  and  method  used  by  the  late  Col.  Graham  is  sr 
twy  plftin,  that  we  can  add  notbing  to  it.  No  man  was  more  devoted  *x. 
the  applioation  of  astronomy  to  Geodeaey  than  he : 
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The  following  interesting  letter  of  Col  Gcalmm,  Supennlondent  of 
U.  S.  Works  on  the  Northern  Laltes,  is  in  referetu,B  to  the  obaarvations 
made  by  iiim,  in  conjunction  with  Lieut  Ashe,  K  N  ,  m  charge  of  the 
obaerTstory  al  Muetec,  to  iBoertam  the  difference  uf  longitude  between 
this  city  and  Ijuebeo 

(Jhicaqo,  June  5.  1S57 

To  the  Editor  of  the  Chimga  Timn:  A  deaire  haTing  been  expressed  by 
some  of  the  citizens  of  Chicago  for  the  publication  of  the  results  of  the 
observfttions  made  conjointly  by  Lieut.  E.  D.  Ashe,  Royal  Naiy,  and  my- 
self, on  the  night  of  the  I5th  of  May,  ult.,  for  ascertaining  liy  telegraphic 
signals  the  difference  of  longitude  between  Chicago  and  Quebec,  I  here- 
with offer  them  for  jour  columns,  in  case  you  should  think  them  of  suffi- 
cient interest  to  be  announced.  All  the  observations  ai  Quebec  were 
made  under  the  direction  of  Lieut.  Ashe,  who  has  charge  of  the  BriOsh 
obserTatory  there,  while  those  al  this  place  were  made  under  my  direction. 

The  electric  current  was  transmitted  km  Toledo,  nd  Buff  1  , 

Toronto  and  Montreal,  a  distance,  measured  along  w  0 

miles,  by  one  entire  connection  between  the  two  ei     m  d 

without  any  intermediate  repetition ;  and  yot  all  the     g  e 

end  of  this  long  line  were  distinctly  heard  at  the  oth  m        g   he 

telegraphic  comparisons  of  the  local  tims  at  the  tw  P  7 

satisfactory. 

This  "local  Ume"  was  determined  {also  on  die  nigh  m  ) 

by  obserrations  of  the  meridian  transits  of  stars,  by  the  use  of  transit 
instruments  and  good  clocks  or  chronomelers  at  the  two  stations.  The 
point  of  observation  for  the  "  lime"  at  Quebec  was  the  citadel,  and  at 
Chicago  the  Catholic  church  on  Wolcott  street,  near  the  corner  of  Huron. 

The  following  is  the  result : 


icHuid  transmitted 


Correct  CliiCBgo 

Correct  Quebec 

'of^goKl™ 

''ofdgnalT 

emitted  fro 


lereal  time 


16E4  46.SS 
Mean;  eleolric fluid 

Mean;  electric  Uuid  iransminea  irom  v.«nu  m      ~5 
Hkbdlt— Cliioago  west,  in  longitude  from  Quebe 
Dififepence  between  reeults  of  electric  fluid  tm    m  tse 

halfdiff  =0.08. 

From  which  it  would  appear  that  the  electr     11       w 
the  wires  between  Chicago  and  Quebec  in       00  b 
At  this  rate  it  would  be  only  ij  seconds  m 

around  the  oircumferenoe  of  the  earth. 

I  will  now  proceed  to  a  deduction  of  the       E     d 
the  meridian  of  Greenwich,  by  combining  the  above  r 
mination  of  the  longitude  of  Quebec  made  by  myself  ii 
while  serving  as  commissioner  and  chief  ar'  " 


suit  with  a  deter- 
■X  the  year  ]  842, 

...  a  the  part  of  the 

United  States  for  determining  our  northwestern  boundary,  which  will  ha 
fonad  published  at  pages  368-369  of  the  American  Almanac  for  (ha  year 
1848.  That  determination  gave  for  the  longitude  of  the  centre  of  the 
citadel  of  Quebec  west  of  Greenwich : 
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SB  Of  loDgitudebefweei 


oint  and  the  Catholic  Charch 
-.  ~"j,  .^™„ov,^uu  of  Mnron  etreet,  CSloago,  by 

'°Z*''h?f.'^?  9.^^^°!'°  Church  OD  Woleott  atrcet, 


street,  near  Haron  atrcet,  ciicsgo,  Illim 

That  ia  to  say,  five  liuurs,  fifty  minu 

iredth  seeonda  of  lime,  or  in  arc,  87deg. 


■Topographiosl  Eagineers,  Brevet  Lieut.  Col.  U.  S.  Army. 
Jfi/  the  IleUoslal. 

or,  pole,  Jacob  staff  or  rod,  and  a 


I  our  Helioatat,  is  ^ 
lixed  a  ateel  point  2 


This  iostrument  consists  of  a  mij 
brass  ring  with  cross  wires.  The  h 
of  an  inch  thick  and  3J  inches  diameter.  In  this 
inches  long.  There  are  4  holes  in  the  ring  for 
or  ailt  threads  made  fast  bj  wax.  The  flag-staff  ia  bored  at  every  6 
inohea  on  both  sides  to  receive  the  ring,  which  ought  to  be  at  a  sufficient 
distance  from  the  side  of  the  poie  so  as  not  to  obatrnct  the  direction  of 
the  reflecled  rays  of  the  sun.  The  pole  and  ring  are  set  in  direction 
of  station  B,  about  30  to  40  feet  in  advance  of  the  mirror  placed  over 
staUon  A,  and  the  centre  of  the  ring  in  direction  of  B,  as  near  as 
possible.     The  ring  can  be  raised  or  lowered  to  get  an  approximate 


.1  be  well   t 


e  the  r 


The  mirror  is  of  the  best  looking-giasa  material,  3j  inchea  in  diameter, 
aetin  bronzed  brass  frame  or  ring,  4J  inohea  outer  diameter,  8|  inches 
inner  diameter,  and  three-tentha  of  an  inch  thick.  This  is  set  into  a 
aemioirouJar  ring,  foar-lenlha  of  an  inch  thick,  leaving  a  space  between 
it  and  the  mirror  of  two-tcntha  of  an  inch  ;  both  are  oonneoted  by  two 
screws,  one  of  which  is  a  clamping  screw.  Both  rings  are  attached  to 
a  circular  piece  of  the  same  dimensions  as  the  outer  piece,  IJ  inches 
long;  and  to  this  is  permanently  fised  a  cylindrical  piece,  J  inch  in 
diameter  and  IJ  'uehea  long,  into  which  there  is  a  groove  to  receive  the 
clamping  screw  from  the  tube  or  socket. 

Thi  ,ocM  or  tube,  is  8  inches  Jong,  and  J  inch  inner  diameter,  hav- 
ing two  clamping  sorewa,  one  to  clamp  the  whole  to  the  rod  or  Jacob 
staff,  and  the  other  (o  allow  of  the  mirror  being  turned  in  any  direction. 
By  these  three  clamping  screws,  the  mirror  is  raised  to  any  required 
height,  and  turned  in  any  direction.  The  back  of  the  mirror  is  lined  with 
brass,  in  the  centre  of  which  there  is  a  small  hole,  opposite  to  which 
the  silvering  is  removed.  The  observer  at  A  sets  the  centre  of  the  mirror 
over  sUtion  A,  looks  through  the  hole  and  through  the  centre  of  the 
cross,  aod  elevates  one  or  both,  till  he  gets  an  approximate  dlteotion  of 
the  line,  A,  B.     Our  Hellostat,  with  pouch,  weighs  but  3J  pounds. 

A  mirror  of  4  inches  will  be  seen  at  a  distance  of  40  miles.  One  of  8 
to  10  inches  will  be  seen  at  a  diataace  of  100  miles. 

We  use  a  mirror  of  4  imhes  liameter,  fitted  up  in  a  superior  style  bj 
Mr  B  Kratienstein,  mathomalical  instrument  maker,  Chicago,  like 
all  his  work  it  reflects  credit  on  bim.  We  have  foand  it  of  great 
use  in  large  suiveys,  such  as  running  long  lines  on  the  prairies,  where 
It  is  often  required  to  run  a  line  lo  a  given  point,  call  back  our  flagman. 
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or  make  bim  moTo  right  or  left.  We  are  indebled  to  Mr.  Juniea  Reddy, 
now  of  Chicago,  formerly  ciriliaJi  on  the  Ordaance  Surveys  of  Ireland, 
England  and  Scotland,  for  many  hints  reapecting  the  construction  and 
application  of  the  Heliostat. 

Example.     Let  Abe  the  east  and  B  the  west  station,    Observer  A  shuts 

off  the  reflection  at  2h.  p.  m. — 2h.  lm.~2h,  2ni.,  etc.,  which  B  observes 

to  agree  with  his  local  time   Ih. — Ih.  Im,— Ih.  2m.,   etc.,    ehowing  a 

difference  in  time  of  Ih.  or  15  degrees  of  loDgitude. 

The  Druntmond  Light. 

This  light  was  invented  by  Captain  Drummond,  of  the  Royal  EnjrineBrfl, 
when  employed  on  the  Irish  Ordnance  Sarvey.  It  is  made  by  placing 
a  ball  of  lime,  about  a  quarter  of  an  ini.h  in  d  ameter  in  the  focua  of  a 
parabolic  reflector  On  this  ball  a  stream  of  (ly  hydrogen  gas  is  made 
to  burn,  raising  the  lime  to  an  intense  heat  ani  giving  out  a  brilliant 
light.  This  has  been  uied  in  Ireland  where  a  otation  in  the  barony  of 
Ennishowen  wai  made  visil  le  in  haiy  weather  at  the  distance  of  67 
miles.  Also,  on  the  Ist  December  1843  at  half  past  3  p  m.,  a  light 
was  eihibiied  on  the  top  of  SUeve  Donar  1  in  the  Tounty  Down,  which 
was  seen  from  the  top  of  Snuwdown  in  Wales  a  distance  of  108  milea. 
On  other  mountains  it  has  been  =een  at  diatanoea  up  t}  112  miles.  Aa 
the  apparatus  n  both  Vurden^iome  and  expensive  and  the  manipulation 
dangerous,  unl  ss  in  the  hands  of  an  eiperiented  chemist  we  miiat  refer 
our  readers  to  some  laborat  ry  in  one  of  the  medical  colleges.  The 
Heliostat  is  so  "m^leand'^o  ea^iily  managed  that  it  =urersedes  (he  Drum- 
mond light  in  sm  ny  weather  C-ee  TngoHoniclrieal  Surveyiny  ) 
To  Ji  d   Ji    Long  ade  bg  Moon  Culmmai  ig  Sla  s 

394.  We  se  the  nstrument  n  the  plane  of  the  mer  d  an  by  Polaris 
at  its  upper  or  lower  trans  t,  or  s  greatest  easte  n  or  western  elonga- 
tion, or  azimuth  If  we  cannot  u  e  P  lar  take  one  of  the  stars  in 
Ursa  Minoris  at  ts  greates  ai  mu  h  a  calculated  n  Table  XXIII.  When 
the  instrument  s  thus  'Ot  let  there  be  a  permanent  mark  made  at  a 
distance  from  the  s  at  on  so  as  to  check  tne  n  trument  dar  ng  the  time 
of  making  the  observat  ona  If  the  nstrumen  be  w  b  a  a  few  minutes 
of  the  meridian  t  w  II  be  sufEc  ently  correct  for  on  purpose  ;  but  by 
tlie  above,  it  can  be  exactly  placed  in  the  meridian. 

Moon  mlmiiiating  stars  are  those  which  differ  but  little  in  declination 
from  the  moon,  and  appear  generally  in  the  field  of  view  of  the  telescope 
along  with  the  moon.  We  observe  the  time  of  meridian  passage  of  the 
moon's  bright  limb  and  one  of  the  moon  culmioaUng  stars,  selected 
from  the  Nautical  Almanac  for  the  given  time. 

Let  L  =--  longitude  of  Greenwich  or  any  other  principal  meridian. 

I,  longitude  of  the  station. 

A,  the  observed  difference  of  R.  A.  between  the  moon's  bright  limb, 
and  star  at  L,  from  Nautical  Almanac. 

a,  observed  difference  R.  A.  between  the  same  at  the  station. 

d,  difference  of  longitude. 

Ai  mean  hourly  difference  in  the  moon's  R.  A.  in  passing  from  L  to  I. 


Theuw 
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The  following  ayample  and  solutioo  ih  from  Colonel  Frome  s  Trigo- 
nometrical SurvejiDg  p   2!R      Londth   1862 

At  Chatham  Maroh  '>  1858  the  tmnsit  of  i  Leonis  was  observed  by 
ohronometer  at  lOh  SOm  7s  the  daily  gaming  rate  of  chronometer 
being  1  58  to  find  the  longitude 

Eastern  MfTidian   Chatham      Obiincl  tramiia 
aleoQia  10  52.46 

Moon's  bright  limb,  11  20  7.6 


EquiTalent  in  sidereal  time, 

Wtstern  Meridian,  Gremv: 

a  Leonis, 

Moon's  bright  limb, 

Observed  transit  a, 

Difference  of  sidereal  time  between  the  interTals  =  A— a=  0  0  4.62 
Due  to  cliange  in  lime  nf  moon's  semidiameter  passing  the 

meridian,  (N.  A.,  Table  of  Moon's  Culminating  Stars,)  +  00  0.01 
Uifferenco  in  moon's  right  ascension,  0     0    4.6S 

Variation  of  moon's  right  asoension  in  1  tour  of  terrestrial  longitude 
is,  b;  the  NauUcal  Almadac,  112.77  seconds. 

Therefore,  As  112.77  :  Ih.  :  :  4.68s.  :  :  147.80=2m.  27,8s,,  the 
difference  of  longitude. 

When  the  difference  of  longitude  is  considf.ra/ile,  instead  of  asing  the 
figures  given  in  the  list  of  moon  culmiDating  stars  for  Che  variation  of 
the  moon's  right  ascension  in  one  hour  of  longitude,  the  right  ascension 
of  her  centre  at  the  time  of  observation  should  be  found  hj  adding  to  or 
subtracting  from  the  right  ascension  of  her  bright  limb  at  the  time  of 
QreeBwich  tiansit,  the  observed  change  of  interval,  and  the  sidereal 
time  in  -which  her  semidiameter  passes  the  meridian.  The  Greenwich 
mean  time  corresponding  to  such  R.  A.,  being  then  ta,ken  from  the  N.  A. 
and  converted  into  sidereal  time,  will  give,  h;  its  difference  from  t)ie 
observed  R.  A.,  the  difference  of  loBgitude  required.     From  above ; 


_ 

0  27  21.5 
0    0    0,03 

h.     Appannt  right  ateer, 

0  27  21.47 
0  27  25.96 

9  69  *o!l8 
10  27  16.76 

A, 

0  27  80.58 
0  27  25- B8 

Moon's  B.  A.  at  Greenwich  transit, 

Sidereal  time  of  semidiameter  passing  the  meridian 

Moon  s  R.  A.  at  Greenwich  transit, 
Observed  difference. 

Moon's  B.  A,  at  the  time,  and  sid.  time  at  station, 
Qreenwich  mean  time,  corresponding  to  the  above  B.  A., 
taken  from  Naatical  Almanac,   (Table,  Moon's  R.  .4.  and 
Dec.,)  llh.  17in.  0.5s.,  or  sidereal  time,  20  25  40.5 


0  27  ie.7t! 


10  28  14.40 


Difference  of  longitude, 


0    2  27.9 
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395.     In  thi 

m    hoU 

one  of  the  folio 

In  the  Northe 

H  m   ph 

a  Arietes,  a  Ta 

n    A 

ulus,)  a  Vi^ji 

Sp 

Piscis  Australi 

F 

We  observe   h    moo 

moon,  sun,  or 

has 

and  distance  o 

h 

The  following 

rm       b 

appears  lo  us 

b      as 

and 

Let  a,  d,  an 

d         es 

moon  and  star 

\   A 

D  is  the  req 

ei 

—  Young's  Method. 
des  of  the  moon  an 


e  betwei 


their  ( 


ed 


um  (Pollux,)  a  Leonis  (Reg- 
eres,)  a   Aquilae   (Allair,)  a 
as   (Mai-kab.) 

d  add  the  semidiamcter  of  the 
he  apparent  distance  between 
o  as  to   find  the  true  altitude 


g,  formerly  of  Belfast.  Ireland, 
I    b  her  using  the  tables  of  logar- 

s  e         m  Table  A. 

altitudes  and  distance  of  the 
ru         itndes  and  distance, 
and  wp  =:  symbol  for  difference. 


A     A 


.  a™a'  ; 


MA  +  A't 


The  apparent  distance  uf  the 


Cos.  ./  =  COS.  G3°  35'  14",  n 

Cos.  (rt  +  a')  =  COS.  69°  38'  56" 

Cos.  nT+cos.  (n  +  n')  =  sum, 

Cos.  (AwA't  =  COS.  19°  50' 30"  =  nat.  cos.  940G34 

Cos.  (A  +  A')  =  cos,  70°  2G'   0"  =  nat.  cos.  334903 

Cos.  (A  +  A')  +  COS.  (A^-A',)  sum,     1275537  = 

and  S  multiplied  by  S'=  127537  x  792007  = 
Cos.  {a  +  fl')  =  from  al>ove,  347772 

Cos.  (a  «"  a')  =  COS.  20°  20'  2S"  =  035704 


Exam 


chronometi 

Height  of  the  eye  above  the  horizon,  24  feel. 
Alt.  Sun^s  L.I^  Obs.  All.  Moon's  L.L.  Dist.  of  Kear  Umbs. 

SS"  iff  30"  32°  52'  20"  G5°  32'  10" 

Index  cor.  +    2  10  +    3  40  -     1  10 

Sun's  noon,  Dec.,  at  Greenich,  7°56'46"5  N.  Diff.  for  1  hour,  =    -54"9 
Cor.  for  4h.  50m.,  -   4  26 


Dec.      7  52  21 


.r  5  hou 


^4 


y  Google 


72h'34 

REQUIRED 

RE    LONGITUDE, 

Equa.  of  time, 
'Cor.  for  4h.  50m., 

15' 53",  8 
25s.  35 
3    85 

Moon's  setnid 
Diff.  for  Ih., 

Corrected  eq.  of  t[m 

,     20  2    Sub. 

For  5 
For 

Moon'sHor.  Parallax,       50  3i   1 

Diff  fjr  121 

Cor.  for  5  hours. 

Dift    fur       i 

Hor.  Parallax  corrected,       9  37 

Minutes  and  seconds  mav  be  easily  olitatnL  1  but  then  n  i  table  for 
fumishii^  tliis  difference  in  the  Nautical  Alminic  p   520 

The  difference  between  the  moon  s  K  A  it  23h  and  at  the  following 
noon  is  by  (Naut.  Aim.)  +  2m  5  the  proportion!]  part  of  which,  for 
7m.  42s.,  is  +  IGs. 

Also,  the  difference  betwtin  the  tnt  d  cl  atoi  is  SI  ih;  pro' 
portional  part  of  which  is  7m  42      i    1  2 

1.     Foi-  the  Afftieiil  an  I  True    illliiUs 


SL'N. 

MOON 

Obs,  Alt,  L,L.                  Ob 

42  40 

Ol  s   Alt   L  L                   -iT  56'   0 

Dip-4'4ir    -4'4a"  j  + 

11    5 

Hip                       4  41 j 

Semidiam.   +15  54   (       — 



S  midiim        +  K   17     +      1 1  37 

Apparent  Alt.,                   5S 

-"S  45 

Aii^mcnl  n      +    1       ' 

Kefrac— less  parallax, 

-   30 

\pi.irLnl  'ill                    XI     7  37 

Cor   f  1    \lt                       +   48  20 

True  Alt,,                           oS 

'•^  lo 

1  ui.  AH                              35  56    3 

2.    r 

1/     AT  in    -^         a  S^if 

Suii'sAit.,     58°53'15" 

Tal           Parts 

Pol.  dist.,      82    7  30 

0    041  24    21           1131 

2 )  162  30  54 

'A  sum,    =    81  15  27        a 

sine,     !).18210(i                     13fiil  -      3G0G2 

J4  sum-alt.  22  22  12        s 

ne,         9.580392                      511+       G132 

18.708034                                31963 

320 

2)18.707714 

X  hour  angle  14°  SO' 31 J^" 

sine,   9.398857 

Hour  angle,     29     1     3    = 

Ih.  56m.    4s.,  apparent  lime  at  ship. 

Equa.  of  time. 

20 

Mean  time  at  ship. 

Ih.  55n 

,  3os. 

3.     For  the  True  Dhtarue,  the  G.  Time,  and  the  Lengiludi. 
Obs.  dist.  65'  or   0"  (  Appt.  dist.     66°   3'  20"  nat.  cos.  403S50  =  I 

W,,.„i,  t   15  5*      Appt . I..     pS^'-'S 

Moon's +  Augm.  +   16  26   (  (  3;t     7  37 


Sum,     92     1  2 


-  035207  =  ' 
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REQUIKED 

rHE    LONGl 

rUDE, 

T        ,,,       158°D.T15"   Diff.  2(7 

40' !8"   nat 

COS.  900556+ =\ 

-X 

865259  -  D 

Sum,                  92  49  18     nat.  cos. 

-  040228 

^    V 

Diff.                 24  57  12    nal.  cos. 

•MKie.)2 

857424 

llultiplicind. 

Mulliplier,  370i553,  inveried  = 

355073 

Mulliplier, 

Note, -This  rapid  methoii  is  i 

2672272 

(lone  by  throwing  offa  figure  | 

600197 

ill  each  line  as  we  proceed.    ) 

4287 
429 
20 

Divisor,  S05259 

3177211 

j       307108  =  Q 

2595777 

1  +  049223  =  V 

Note,— Tlie  division  is  nLridged  i 

581434 

41G42G 

by  rejecting  a  figure  each  lime,  > 

519155 

in  the  divisor.                              1 

— — ■ 

ince,  05^  23'  27" 

1.  (Naut.  A.)  S)  24  23    Proportional  Log,  of  diff,     2537 


Long,  W.  in  lime,       2    53    44     Long,  =  43°  26'  W. 

And  Ihe  error  of  the  chronometer  is  52s.  fast  on  Greenwich  mean  time. 

A  ba-se  line  is  selected  as  level  a5  can  be  foiuid,  and  as  long  as  possible, 
this  is  lined,  leveled,  and  measured  with  rods  of  Norway  pine,  with  platt 
innm  plates  and  poinis  to  serve  as  indices  to  connect  the  rods.  They 
Me  daily  examined  by  a  standard  measure,  reference  being  had  to  fbe 
thange  of  temperature.  (Seep.  165.)  At  each  exlremitystones  are  buried, 
and  at  the  trig,  points  are  put  discs  of  copper  or  brass,  with  a  centre  i>oin- 
in  them.  From  these  extreme  points  angles  are  talrcn  to  ]X)in!s  selected  on 
high  places,  thus  dividing  the  connlry  into  large  triangles,  and  their  sides 
calculated. 

These  are  again  siilxlivided  into  smaller  triangles,  whose  sides  may  range 
from  one  mile  to  two  miles.  These  lines  are  chained,  horizontaliy,  by  the 
chain  and  plumb-line ;  or,  as  on  the  ordnance  survey  of  Ireland,  the  lines  of 
slopes  are  measured,  and  llie  angles  of  elevation  and  depression  taken. 
Spires  of  churches,  angles  of  towers  and  of  public  buildings  are  observei]. 
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72n*36  TRicc 

On  the  main  lines  of  the  triangles,  the  heights  of  places  are  calculated  from 
the  field  book,  and  marked  on  the  lines.  Wh(m  innccesFiible  points  are  ob- 
served from  other  points,  wc  must  take  a  station  near  the  inaccessible  one, 
and  reduce  ic  to  the  centre  by  (sec.  244. )  On  the  second  or  third  pages  of 
the  field  book,  we  sketch  a  diagram  of  the  main  triangle,  and  all  cli^n 
lines,  with  their  numliers  written  on  the  respective  lines,  in  the  direction  in 
which  the  lines  were  nin.  The  main  triangle  may  be  Subdivided  in  any 
manner  tliat  the  locality  will  allow.     See  I''ig.  Gi  is  the  best. 

Here  we  have  three  check-lines,  D  F,  D  E,  ami  F  E,  on  the  main  tri- 
angle, and  having  the  angles  at  A,  IS,  and  C,  with  the  distances,  A  D,  D 
C,  C  E,  B  E,  B  F,  and  F  D,  we  can  calculate  K  D,  D  E,  and  F  E,  insur- 
ing perfect  accuracy.     We  chain  as  stated  in  Section  211. 

In  keeping  our  field  iMok  we  prefer  the  ordnance  system  of  beginning  at 
the  bottom,  and  enter  toward  the  top  tlie  olTicts  and  inlets,  staling  at  what 
line  and  distance  we  began,  and  on  what ;  we  note  every  fence  and  object 
that  we  pass  over  or  near ;  leave  a  mark  at  every  )  0  chains,  or  500  feet,  and 
a  small  peg,  numbered  as  in  the  field  book. 

308.     See  the  diagram  (figiui:  C5). 

Here  we  l^gan  !14  feet  fiirllier  on  line  1  than  where  we  met  our  picket 
and  peg  at  3500  feet,  and  closed  on  line  3  at  S70,  where  we  had  a  peg  and 
a  long  Isoceles'  triangle  dug  out  of  the  ground. 

We  write  the  bearings  of  lines  as  on  line  3,  and  also  take  the  angles, 
and  mark  them  as  above. 

IVhcn  there  art  IVbeds.  Poles  ate  fastened  to  trees,  and  made  to  project 
over  the  tops  of  all  the  surrounding  ones.  The  position  of  these  are  ob- 
served or  TH^d.  The  roads,  walks,  lakes,  etc.,  in  these  woods  can  be 
surveyed  by  traversing,  closing,  from  time  to  time,  on  the  principal  stations 
or  Trig,  points,  but  we  require  one  line  running  fo  one  of  the  forest  poles, 
on  which  to  begin  onr  traverse,  and  continue,  closing  occasionally  on  the 
main  lines  and  Trig,  points, 

399,  Traverse  Surveying.     See  Sees,  216,  217,  255, 

The  bearing  of  the  most  westerly  station  is  taken.  At  Sec.  216  is  given 
a  good  example  where  we  begin  at  the  W.  line  of  the  estate,  making  its 
bearing  0,  and  the  land  is  kept  on  tlie  right.  There  we  began  with  zero 
and  closed  with  180,  showing  the  work  lo  close  on  the  assumed  bearing. 

400.  To  Protract  these  Angles  at  See.  3i6.  Draw  the  line  A  B  through 
the  sheet;  let  Abe  .S,  and  B,  N.  On  this  lay  of  other  lines  parallel  to  AB, 
according  to  the  number  of  bearings,  size  of  protractor  and  scale.  We  lay 
down  A  B,  then  from  B  set  off  four,  five,  or  more  angles,  I^  IC,  I,  and  H. 
I^y  the  parallel  ruler  from  A  to  I,,  draw  a  line  and  mark  the  distance  A  L 
of  the  second  line  on  it.  Lay  the  ruler  from  A  to  K,  move  one  edge  to 
pass  through  L,  draw  a  line,  mark  the  third  line  L  K  on  it.  I^iy  the  ruler 
on  A  I,  move  the  other  edge  to  jjass  throtigh  K,  draw  the  line  K  I,  equal 
to  the  fourth  line.  Lay  the  ruler  on  A  to  H,  make  the  other  edge  pass 
through  f,  and  mark  the  fifth  line,  I  H.  Now,  we  suppose  that  we  are 
getting  too  far  from  our  first  meridian,  A  IS.  We  now  remove  the  pro- 
tractor to  the  next  meridian,  and  select  a  point  opposite  H,  and  then  lay 
off  the  bearings,  G,  F,  E,  D,  etc. 

Now,  from  this  new  station,  which  we  will  call  X,  we  lay  the  parallel 
ruler  to  F  and  make  the  other  edge  pass  through  H,  and  set  off  the  sixth 
line  H  G.  Lay  the  parallel  ruler  from  X  to  F,  and  move  the  other  edge 
through  G,  and  mark  the  seventh  line,  G  F,  and  so  proceed. 
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We  have  used  a  heavy  circular  protractor  made  1iy  Ttoughton  &  Simms, 
of  London,  it  is  12  inches  diameter,  ivith  an  arm  of  !0  inches,  this,  with  a 
parallel  niler  4  feet  long,  etmbleti  us  to  lay  doM-ii  lines  and  angles  with 
facility  and  estreiuc  accuracy. 

401.  By  a  table  of  tangents  we  lay  off  on  one  of  the  lines,  A  C,  the 
disti-.nce,  20  inches,  on  a.  scale  of  Cfi  i>arts  to  the  inch.  Then  find  the  iiat. 
tangent  to  the  require!  angle,  and  i)iuUi]ily  it  by  400  divisions  of  tlio  scale, 
jt  will  give  the  [jerp.,  1!  C,  at  the  end  of  tlie  bate.  Join  A  and  C,  and  on 
A  C  lay  off  the  given  dLstance,  and  .10  proceed. 

By  this  means  we  can,  without  a  prutrae'.or,  lay  olT  any  required  angle. 


iCCISTEREn   SltKET 

-OR   CO.\ 
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rkn,  ami  Plats. 

Triangles 

1st  side. 

2d  side. 

3il  side. 

Contents 
in  Chains. 

Plat  1 

Division  K 

of 

Thos.  Lin^tey's 

Triangle  A  C  IS, 
'■       A  1-  D, 
On  line  IJ  !■, 

Additives, 

44r>41fc!. 

2234 

2231 

i)0 

70 

33!(9 
1760 

10 
70 
CO 
HO 

42j0 
10S4 
98 
400 
900 
000 

070.^12 
143.0510 
0.0490 
3.2000 
r..40OO 
1-5000 

Total  Additives 

158.2006 

Div.  K. 

1>  V, 
Negatives,  D  F, 

100 

20 
100 
SO 
80 

140 
260 
500 
500 

1400 

9600 
4.5000 
2.0000 

7.6000 

150.6006 

Area,  15,00000  Acres. 

There  is  always  a  content  plat  or  plan  made,  which  is  lettered  and 
numbered,  and  the  Register  Sheet  made  to  correspond  with  it. 

403.  CompidiUion  by  Scale.  Where  the  plats  or  maps  for  content  are 
drawn  on  a  lai^e  scale,  of  2  or  3  chains  to  the  inch,  we  double  up  (he  sheet 
by  bringing  the  edges  together.  Draw  a  line  about  an  inch  from  the  mar- 
gin; on  this  hne  mark  off  every  inch,  and  dot  through;  now  open  the  sheet 
and  draw  corresponding  lines  through  these  dots;  make  a  small  circle 
around  every  fifth  one,  and  number  them  in  pencil  mark. 

Lines  are  now  drawn  through  the  part  to  be  computed.  Where  every 
pair  of  lines  meet  the  boundaries,  the  outlines  are  then  equated  with  a  piece 
of  thin  glass  having  a  perpendicular  line  cut  on  it,  or,  better,  with  a  piece  of 
transparent  horn.  When  all  the  outlines  of  the  figure  are  thus  equated,  we 
measure  the  length  in  chains,  which,  multiplied  by  the  chains  to  one  inch, 
will  give  the  content  in  square  chains.  This  gives  an  excellent  check  on 
the  contents  found  by  Iriangulalion  or  traversing.  It  will  be  very  convenient 
to  have  a  strip  of  long  drawing  paper,  on  the  edge  of  which  a  scale  of  inches 
is  made.  We  apply  zero  to  the  left-hand  side  of  the  first  parallel,  and  make 
a  mark,  a,  at  the  other  end ;  then  bring  mark  a  to  the  left  side  of  the  second 
parallelogram,  and  make  a  mark,  b,  at  the  other  end,  and  so  continue  lo 
1>e  end.  Then  apply  the  reqnired  scale  to  the  fractional  part,  lo  find  the 
total  distance. 

The  English  surveyors  compute  by  triangulation  on  paper,  and  sometimes 
tiy  parallels  having  a  long  scale,  with  a  movable  vernier  and  cross-hairs,  to 
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equate  the  boimilaries.      We  tlo  not  wish  lo  be  uiideistood  as  favoring  com- 
putation from  paper. 

The  Irish  surveyors  always  draw  the  ]>arallel  lines  on  the  content  plat  or 
map,  and  mark  the  scale  at  three  or  four  places,  lo  test  the  expansion  or 
contraction  of  the  sheet  durinj;  the  construction  or  calculation.  We  prefer, 
when  possible,  3  chains,  or  200  feet,  to  an  incli  for  estates  in  the  country, 
and  40  feet  for  city  projierty. 


403a.      Dk-isiof  of  Land. 

Whtn  the  area  A  is  to  lie  tut  off  from  a  r^ctnnsul 
of  which  .lie  a  and  b.     Then  coirc-i,)onding  sides  of 

1  A            A  1 
S  =  J  —  and  —  \  respectively,  the  required  side,  S. 

he  tia 

,  the  sides 
t, 

404.     When  the  area  A,  =  triangle  A  D  E,  is  to  be  cut  off  from  the 
triangle  A  C  IS,  by  a  line  parallel  to  one  of  its  .sides.     (Fig.  66.) 
Then  triangle  ABC;  trianijle  A  D  E  : :  A  li'  :  A  D  '. 
40,").      From  a  given  fo'mt,  D,  in  the  triangle,  A  B  C,  to  draw  a  line, 
dii>idiHS  il  into  tn-o  parts,  as  A  an.l  B.      (See  lig.  fiS.)      We  find  the 
angle  ABC.     By  (Sec.  20,)  A  U  x  A  E  x  ;i  sin.  A  =  area  B 
(i.  e.)  AD  >;  A  E,  sin.  A  ^  2  11 
i  2B  ) 

A  E  = ■ 

(  AD      S       k\ 
Note.— We  p    f     tl      t  1  jl     t   1   f         i  cutting 

off  a  given  area  f  j      1    1  t       1         1        g  I       f  Id 

406.     When  tl  B         \       t    lie      t    ff  hy  th    I       IE,  (Fig. 

66,1  making  a  j,     n      gl     C       th  th    I        \  B  I  t      ea  =  S 

Let  the  angle    t  A  =  /    th  t    t  L  =  I    h  t    1  L  =   f  and  AD, 

the  required  sid 


AD  =  a-      nlAE  = 


but  A  D   X   D  E   K   X  ^i 


j:  '.  Sin.  e.  Sin.  i  =  2  B  Sin.  d 
AD  = 


2B,  Sin.rf    yy. 


'  \  Sin.  c.    Sin.  b  \ 
From  the  value  of  x  we  find  A  E  and  D  E  from  alrovc. 
Having  A  D  and  A  E  from  these  formulas,  let  us  assume  A  D  =  10 
chains,  and  having  found  the  value  of  A  E  by  substituting  10  chajns  for  .v. 
Multiply  the  numerical  value  of  A  E  by  10  chains,  and  again  by  % 
the  natural  sine  of  the  angle  DAB,  let  its  area  =  !,  L, 
Then  j  :  S  :  :  A  D=  :  the  required  A  E  ', 
J :  S  !  !  100  :  A  D  ". 
As  I,  S,  and  100  arc  given,  we  have 
(  100  S  )  ;^ 
AD=  \ \ 
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This  useful  problem  was  proposed  to  us  in  Dublin,  at  our  examination 
for  Certified  Land  Surveyor,  September,  1835,  by  W.  Longfield,  Esq., 
Civil  Engineer  and  Suri'cj-or. 

Note.— When  the  given  area  is  to  be  cut  off  by  the  shortest  line, 
D  E,  in  the  Iriangle  A  D  E,  (Fig.  GG-)  then  A  D  =  D  E. 

407.  IVAeii  the  area  B  is  to  be  ciil  off  by  Ilia  line  D  E,  shirii»g  from 
:ki point  D.     (Fig.  GO.) 

2  1!  2  B 

A  D  = ■ — •         A  E  = . 

A  E  Sin.  A  AD  Sin.   A 

408      r         th    q     1  *1  t      1   (Ft   <C  )  A  D  C  H   I         t     fftl  i 

A  b)  th    1       F  E   ]      II  1  t     tl        d    li  C 

r     1        th    1    "s  IJ   V       1  C  D  t     m    t    t  i   k    th        gl       t 

B,  C   D       I   \        1  1     k  t  k    th  1    G      &Jei         G  D  and 

G  A  W  h  tl  ea  f  ll  q  dnl  t  ral  =  A  +  H  d  f  Ih  1  - 
angi    G  D  A  =  C       d  th    1       G  li        %  By   S       40*         fit 

the  1  VI  C  L  r  I  1  t  C  1  jngi  O  F  F  (  B  : 
GF  C   C       GL 

Py     k    g  th       I  t  h    1  L   r       1  f  i 

400.      7",  diiiciiyq     I  lii-r  I  f^  t       y       mler  J  ej     Ifrt, 

by  lijics  diaiiiiing  one  of  the  side's  into  fqiiid  parts. 

Lef  A  B  C  D  be  ibe  reiiuired  figure,  (see  Fig.  70,)  whose  angles,  sides, 
and  areas  arc  given,  produce  the  the  sides  C  D  and  B  A  to  meet  in  E. 
As  the  angles  at  A  and  D  are  given,  we  find  the  angle  E,  and  conse- 
quently the  sides  A  E  and  D  E,  and  area  B  of  tlie  triangle  A  E  D.  We 
have  the  distances  E  A,  E  F,  and  V.  G,  and  areas  B  +  A  =  triangle 
E  F  K,  and  1!  +  2  A  =  irian-le  E  G  II  :  and  by  Sec  23. 

F  E  .  K   >i  J  B  +  2  A 

E  K  " and  E  H  = 

B  +  A  G  E .  X  sin.  E 

410.      If,   in  the  last  problem,  it  were  required  to  have  the  sides  B  A 
and  C  D  proixirtionally  divided  so  as  to  give  equal  areas, 
Let  B  A  =  a,  C  D  -  n  a,  A  E  =  b,  D  E  =  c,  and  '/^  sin.  E  =  S,  and 
X  =  A  F,  then  wc  have,  by  See. 

lb  +  x)  (c  +  11  x)  =  —     from  ivhich  ive  have 

A 


the  square,  and  find  Ihe  squan 


)L  =  —  m  +   V =  A  F  and  n  : 

In  like  manner  we  find  the  points  G  and  H. 
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411.  Conteuring.  (Fig.  70a, ) 
Three  poiiili  forming,  the  \ertixe5  of  a  triangle.  \  B  C  whose  altituJes 
above  Ihi.  %t:-K,  or  ditum  line,  are  given  I  ines  are  clniTjed  from  A  lo  li, 
B  to  C,  and  L  to  A,  and  stitions  mirked  at  given  .listanees,  and  contour 
points  made  at  every  change  of  altitude  equal  to  10,  20  or  30  feet 
Lines  are  cliained  doiin  the  tide  of  the  hill,  and  connected  with  check- 
lines.  The  level  of  station  a  is  carried  around  the  hill,  showing  where 
the  contour  line  intersects  each  chain  line,  to  the  plice  of  beginning 
Begin  again  at  the  next  station,  b,  below,  and  proceed  as  in  the  above, 
and  so  to  the  lowest  station  The  contour  hnea  will  be  the  same  as  if 
watei  raised  lo  different  heights  around  the  hill,  leiving  flood  line  marks 
th    1  ill      Th      1  tf      "     "    "1     t    t  "angular  Th     I   d' 


3B  hSlitRB  oo—  asN 

4    -in 

4.  TUitF-PiT. — The  water  pits  by  Prussian  blue,  and  the  bc^  by  sepia 
and  blue. 

5.  Meaijows  ok  PRAimtS.^I'nissian  blue,  G  parts;  gamboge,  2  paits; 
and  water,  8  parts. 

6.  Swamp.  — In  addition  lo  dashes  of  water,  we  pass  a  light  lint  of 
Prussian  blue. 

7.  Cultivated  Land.— Sepia,. G  parts;  carmine,  1  part;  gamboge, 
%  part. 

8.  Cultivated  Land,  iiu't  Wel'.— Same  as  above,  except  that  di-slies 
of  water  are  marked  with  blue. 
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!).     Trees. — Same  as  1  and  2;   skeiehed  mi,  anil  «haded  wlih  >epi 
10.      Heath,   Fur/.k.— Uue  leinte  panacht-e,  nearly  j;r. 


ight 


Tcinte  panachee  is  ivlicre  Iwo  coloi'^  aif  laljcn  in  livii  lirii-hes,  and 
laid  on  carefully,  coupled  to;^lier. 

1 1.  Marsh.— The  blue  of  water,  willi  liori/otilal  -put-  .>f  ,^ra,-=  ^rt;cn, 
iir  to  No.  5  add  2  l>arts  of  water. 

12.  I'ASTirRES.— To  No.  5  add  4  parts  of  ivatur. 

13.  V'[Nj:vARi)S. — Carmine  and  Pnissian  blue  in  ei^iial  [lails. 

14.  Orchards, — Prussian  blue  and  gamhoge  in  equal  pari.^.. 

l(i.  FfELLiS  "R  ICnclijSUREs. — Walled  in  are  Iractil  in  carmine,  and 
if  boarded,  in  sepia.  Hedges,  same  as  fov  forests,  to  which  is  addefl  2 
parts  of  green  meadow. 

17.  IlAiiirATcoNS.— A  fine,  pale  lint  of  carmine,  li;,'h(,  for  massive 
buildings,  and  heaiier  for  house  of  less  imiiortance. 

18.  Vegi;ta>ii,ic  Uardens.— li:acli  ridge  or  square  receives  a  different 
color  of  carmine,  sepia,  gamboge— the  color  for  woods  and  meadoH-s. 

meadow  color,  and  nooil  color  for  ma,s,iive  trees;  the  alley,  or  ivalks, 
are  white,  or  gamboge  «ilh  a  small  jioint  of  canniiie. 

'M.  The  colors  used  arc,  genL-rally,  Indian  Inl;,  Carmine,  l.'iamboge, 
Prussian  lilue,  Kepia,  Miming  VenniMion,  IJnerald  Croeii,  Cobak  ISlue, 
Indian  \'eHo\v. 

414.     U'.dliii.i;. 
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■ITiis  metho<l  of  keeiilng  a  fiehl-iiook  was  nsal  liy  tlic 
Irish  Hoard  of  W.jrks,     Si/c  of  books  8  by  ((X  inches, 

Many  Kngineers  there  kept  their  boolis  thus:  ruleil  from 
Back  Sights.  Fore  Sights,  Rise,  Fall,  Retluced  Level,  Dista 
nent  Reduced   Uvl4s,  and   Rcniarbs.      Hook,  Tjii  by  .1  inch< 

414,1.  Colonel  l'rum«.  Royal  ICn^lish  [■:n,.;inLtr,  in  his  Pre 
^-^ying,  gives,  from  left  to  rigiil.  l>i>.tancus,  H,  S,,  I',  S,,  . 
Fail,  Kcuinrks,  The  coluinn.s  Rise  and  Fail  sli.iw  (he  elcv 
■•latiou  abr)ve  aWiiai,  that  a-smncl  al   ihe  be'„'iniiing. 

Sir  John  ^tcNcill's  plan  of  showi.ig  the  route  for  the  r..a< 
flic  of  the  cutlin;;  ami  tilling  on  the  same:    the  line  is  not 
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Note,     t  =  tempi-iatire 
the  uppei"  statign;   A      correi,tioii  foi  tempenturc   lUpen  lent  on  I  i-  t'. 

And  for  Table  B  r  (empet-iture  of  mercury  at  the  lower  station; 
r'  —  that  at  the  u[i[ier  station  IS  —  conection  due  to  th"  meicury  de- 
pendent 011  r  -  r';  C  correction  for  the  latitude  of  llie  place  1>  = 
latitude;  R  =  Iieight  of  birometer  it  loner  stil  on  1  I  e  ^.ht  f  bar- 
ometer at  ujiper  slalnn      tor  I  ibk  U    ei.  ne\t  fa^L 
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iprnt  level  10  bet  lo  feet. 

'I'hose  Table-,  are  fruiii  the  Siiiilh-oni.ii 
lablos  i>i,iblisliei.l  in  \V.ishi»Kt<«i,  ISriS. 

hi  KS14,  ill  Oll.iwo,  Canada,  llrs.  JIc  I  )ermoU,  in  my  ali^eiiee,  kupt  s 
>cijnt  of  luinierous  obsenalioiis  of  tlie  .state  rjf  tliermonieter  aiul  mountnia 
laroiiiclcr.  for  Sir  \\'illiam  l^-ar,  Provincial  (leologist,  then  making  a 
onr  ijf  ihr  valley  of  [he  River  Olfaiva  aiwl  its  tributaries.  (See  his 
ieoliiglial  Ke]X)[ts.)  The  oliservations  were  made  at  the  honr- "f  7,  i'- 
Loon,  3,  and  (i,  lo  he  uscl  for  Ibc  lower  Slalioii,  at  Montreal. 
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tation,  209°,  lower,  202° ;  iemperal 
'er,  84°,  mean  temperature,  78°. 
A,  209°.         Alt.,  1534  ft, 
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4:1%3.—Caiirvmi.i  fram  Stt.  410.  Ifnvuig  o>:e  suit,  A  S,  and  llii  adJMttU 
ansles,^lo  find Ihe area-~\^i  the  triangle  A  BC  (fig.  (JS,)  be  the  triangle ; 
the  side  A  li  =  :•,  and  the  angks'A  and  B  are  given,  also  the  angle  C. 
S.  sin.  A  S.  .Sin.B 

Sin.  C  :  S  : ;  >in.  A  :  U  C  = ,     and  A  C  =  — 

Sin.  C  .Sin.  C 

S.Sin.A  S  =  .  Sin.  A.  Sill.  I! 

By  Sec.  29.    S. .  Sin.  1! —_  ^  ^,ea. 

2  Sin.  C  '2  Sin,  C 

430.     From  a  poiiti,  P,  vilhin  a  i'jveu  fi^ire,  to  dra-.o  a  line  rtittin,^  off 
any  part  of  il  by  the  linn  F  C— Let  the  figure  I G II A  E  r-^  the  required 

I    ftl     AlLDEFth   t      tl     il    1   1  I      ft      feet  to  an  inch- 

r  h   h  f    1  th    ]>o  I         f  tl        q        11         ery  nearly,  with 

f  t    th    p      t   11       I  f       ]        Il  11        AS,  through  P, 

f  1  gth  1  t        \p=       d  I  -5=     1    (h       i"i  I'TA,  rsa, 

d  Ihat  th    t      t    \  S  I    \  J        too  "real   1  j-  t!  d.      Hence  the 

1        TPG  lire        h    h  t  tl     In     g     1  SC       PAT  =  ^. 

\  th        gl     S  1  O  -  1     Ih  fi    1  Ih        gl      T  and  G,  and 

I  y  Sec  400         f    1  11  f    h    I         les  1       (      nd  1'  A  V.       If 

th     liff  t  -  /  I    1  t    It         1      1  G  and  P  T. 

420a      F        tiet  I    4ilt   /        t   jg         r  (say  onc-/!ii7d,) 

ly      Imd  I        I  il  f     /  £>      (I       b^    ) 

Ih        h  D   I         (hi       DG  1       11  1         \t 

\         li  11         s,l        t  A   I         1  C  t,  1  the  line  D  G  i.s 

(,  t  fi  d  th  p  t  I  H  th  h  h  h  I  II  given  puint  D, 
Ih  1  IDH  II  t  ff  Ih  t  gl  AlII-l  e-third  the  area 
f  th    tnan  !    A  li  C      (h      (!!h  )     M  k    A  !■  tl  rd  of  A  C,  then 

thtinlAlI-         thdfit         lllSG      hich  is  to  be  = 
t    tr     gl    AIH 
Jh    I       gl    AH  I- A  II        \I       /Nt   S  1    A. 


\.l         \  I 

H  (.  :  Ij  D  ;  :  II  A  :  A  I  :  II  A  : — 

II  A 
H  G  :  G  D  :  :  H  A=  :  A  It  X  A  F,  aiid  l>y  Euclid,  li   lii, 
(;  I)  X  II  A=  -  H  G  >:  A  H  >i  A  V  =  |Ii  A  -   A  G)  .  A  F  .  A  H 
=  H  A  .  A  F .  A  I!  -  A  G  .  A  F  .  A  li 

A  I)  .  A  F  A  IJ  .  A  I'-  A  1! .  A  F 

and  II  A'  = ,  II  A .  A  G.     Let  I'  ----  — 

Gl)  Gl)  Gl) 


Kow  we  have  P  and 
A*  H"  =  P  X  H  A  - 
H  A=  =  P  X  H  A  - 

AG  given,  to  find  A  If  ov  A  I, 

P  X  AG 

-  P  X  A  G.      Coniplele  ihif  ..[Lare 

11  A'  -  P  X  II  A  + 

A  H  =^  ;^  P  +  (X  P 
A  n  =  5i  P  +  {<i  V 

4           4 

)  '4 
A  G  X  P            Whifi-.oe 

=  -  A  G  X  I'lli.  when  1)  is  inside  the 
=  +  A  G  X  I')  ^,  when  ./  is  outside. 

V  Google 


421 .  Through  (he  point  D  to  draw  the  line  G  D  E  so  that  the  triangle 
BGE  will  be  the  least  possiljle.  Through  D  draw  II  DI  parallel  to  BC, 
make  li  II  =  H  G,  and  draw  G  D  I^  which  is  tlie  required  line.     Fi-.  lia-i, 

Ceidedical  JuThpnidaics,  p.  72,  B. 
Chief  Justice  Galon's  opinion  adds  the  following  in  suppoil  of  ,-i.:il.- 
li.hod  lines  and  mcumeiin:— 

Dreer  ;■.  Carskad<lii.ii,  4S  I'ciin.  State,  28. 
i;art)ctt  V.  Hubert,  21  Tesas,  8, 
Thomas  r'.  I'atlen,  13  Maine,  329. 

7;.  Dkidi  pro  r.,11,. 
Afler  llailey  r'.  Chamblin,  20  Indiana,  S3,  ad<l 

Jones  ;■.  I<.eiiil>le,  10  Wiscoi'.sin,  429. . 

FrancoiKe  :-.  Maloney,         Illinoi.s  April  Term,  1871. 

Withham  7:  Cults,  4  Greanleaf  H.,  Maine,  D. 
SOnMe.     After  English  Reports,  42,  p.  307,  add 

Knowlton  c.  Smith,  3C  Missouri,  020. 

Jordan  ;■.  Deaton,  23  Arkansas,  704. 
L'nited  States  Digest,  Vol.  27— where  an  owner  ix>ints  out  a  iiojiidar)-, 
and  allo^vs  improvements  to  be  made  according  to  it,  cannot  l.e  nllere'l 

For  Laying  Out  O/iT'ts. 
iixample  after  p.  72.  I^l  radius  =  2000  fict ;  chord,  200;  then  lan- 
geiuial  angle  =  2°  51' 57";  versed  sine  at  ilie  middle,  2,50;t  feel.  If  the 
ground  docs  not  admit  of  laving  off  Ion};  chord  of  200  feet,  make  200  = 
200  half  feet  =  100,  then  for  radius  400O  find  the  versed  sine  =  1,251 
and  the  tang,  angle  =  1°25'57".  If  we  use  the  chord  of  200  feel,  half 
feet,  or  links,  then  we  are  10  take  tlie  ordinnles  in  Taljle  C  a^,  feet,  hnlf 
feet,  or  links. 
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V  Google 


72l[*4S  COK  RUCTION.'.. 

CORRECTIONS. 
I'aEjC  43,  e\amplc  2,  read  (lie  pot)^dm  a  li  c  d  e  f  j;  h,  Fi<;.  33. 
Page  72u53,  j^d;  NoO  read  j,W«  N^O. 
72855,  4th  line,  read  felspathic. 

72b111,  afier  the  8th  line  insi:i-l  Sir  WiiUain  Bland  make?  it  a=  1  7  t. 
13,  egg-shaped. 
72?.  l>ei;in  at  St!i  liiii.  from  botlum  ami  put  mean  i!nse^riO  +  40--iKl 

r-o 


DilTeiencc,  sij.iaie  feol,     400 
.  in  4th  eiiiiation  from  bottom  read  solidity  s  =^  (A  x  ii  + VA,f)^ 
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EXPLANATION  OF  THE  TRAVERSE  TABLE. 
Zalilvde  la  the  distance  tnnde  in  a  north  or  sautli  din 


Indian  bj  running 
mendioD,    or  it  is  the  di 
■When  the  given  meridian  : 

tDd«,  or  northing:  and  if  rai 
latitude,  or  eouthing. 

D^arlure  is  the  distance 
made  by  tunning  on  a  given 
■     ■  it  of  thi 


an;  bearing  less  than  90  degrees  from  that 
.ance  on  any  line  parallel  to  a  given  meridiao. 
assumed  at  true  north  and  Boulh,  the  distance 
e  in  a  northerly  direction  is  termed  north  lati- 
n  southerly,  the  distance  south  is  termed  eouth 


theli 


f  them 


perpendicular  to  the  givei 
course.     East  departure, 
W«3t  departure,  < 


Tidian  that  is 
IS  ling,  is  when 
isting,  is  when 


top  and  bottom,  may  be  used 


Example  Let  M  N  represent  the  meridian,  such  as 
any  line  (generally  assumed  north  and  south)  ;  let  the 
point  M  =  north,  and  the  point  N  =  south  |  let  the 
bearing  ot  the  line  N  C  =N.  44',  17' E„  and  the  dis- 
tance N  C  ^  1  74  chains  =  9  chains  and  74  linliS. 

Here  N  B  is  the  latitude  made,  and 
partuce  perpendicular  to  the  mcridiai 
H  M    oou'equectly,  N  B  is  north  latitude 
and  B  C  IS  the  east  departure  or  easting. 

Or,  latitude  H  B  ==  cosine  of  the  <  C  N  B  X  Ijy  the 
distance  N  C.     And  departure  B 
C  N  B  X  l>y  tliB  distance  N  C. 

The  degrees  are  at  the  top  and  botto: 
'  columns.  The  distances  2,  3,  etc.,  to  9, 
as  chains,  tenths  of  a  chain,  or  links. 

ExampU.     Lat.  N  0  for  44"  17',  and  distance  9  chains  =  6,4131 

Lat.  N  C  for  44°  17',  and  distance  90  chains,  remoye  the  decimal 

point  one  place  to  the  right  =  64,431 

Lat.  N  C  for  44"  )  7',  and  distance  900  chains,  remove  the-  point 

two  places  to  the  right  =  644,81 

Lat.  N  C  for  44°  17',  and  distance  90  links,  or  ,9  chains,  remove 

the  point  one  place  U)  the  left  =  0,64431 

Lat.  N  C  for  44°  17',  and  distance  9  links,  or  ,09  chains,  remove 

the  point  two  places  to  the  left  =  0,064131 

Applieation.  Given  the  course  N  44°  17'  E.,  and  distance  N  C  = 
97,48  chains,  to  find  the  latitude  N  B  and  departure  B  0. 

Take  a  piece  of  card  paper,  two  inches  wide,  and  as  long  as  the  width 
of  the  page;  have  it  ruled,  and  numbered  1,  2,  3,  etc.,  to  9,  similar  to  the 
tables.  Lay  this  across,  from  IT' to  23',  under  latitude  44°  Lay  a  email 
Keight  on  the  guide  paper ;  then  under  the  edge  of  the  paper  you  wJH 
have  the  required  cumbers  to  be  taken  out. 

Under  S  chains  we  have  6,4431  -■.  for  ,90  chains  me  have  64,4810 

Under  7  chains  we  have  5,0113 

Under  4  cbaiiis  we  have  2.8636  .  ■ ,  for  ,4  chains  me  bave  0,2864 

Under  8  chains  me  have  5,7272  .-.  for  ,08  chains  we  have  0,0578 

Lati'tude  NB^=r  69,7860 


Let  the  distance  be  0748  links. 


■e  the  point  3  places  —  6448,1 
■e  the  point  2  places  =  501,13 
■e  the  point  1  place  =       28,636 


Latitude  N  C  =  6978^  Unks. 
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—Expantum  of  Solids  in  Direction  of  thtir  Lmgtiu,  from  32° 
to  212°  {Change  of  Temperature  180°). 


n  of  the  four. 

'flint, 
tube,  wlttoi 
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^do. 
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2430,0000468 
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)0107S8  0.0000699 
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MojorGeneralEoy. 


Hiunibnrirh. 
Engltsb  BDUulsr. 
English  round  rod. 
mean  of  tLrae  ejscioi 


O.OOI8167|0. 00^1009 
•O,00(il042 

o.orrao74 


ffliHe.  Norway. 


Captain  Hater. 


3.00'.;2Ba3  0.0001267 


MxampU.  A  surTejor  had  adjusted  his  oiiain  at  a  temperature  of  60°, 
the  standard  chain  of  66  feet  or  100  links  being  cut  in  the  floor  of  a 
public  hall.  During  the  time  that  he  measured  a  line  of  8000  links,  the 
mean  temperature  had  been  105°  Required  the  true  length  e/  the  line, 
fie  chain  being  of  iron  wire. 
From  col.  10=  correction  for  l"  =  0,00000685 


1  +  0  =  1,00080825    here  =  o  = 


8002,466  links  =  true  length. 
(1  +  c)  •  L  =  true  length,  when  chain  or  boi  eipandud. 
(1  —  e)  •  L  =  true  length,  wlien  cliain  cnntracted. 
Here  L  =:  measured  length,  and  c  =  tabular  correction  for  change  of 
temperature. 

The  aboTe  correction  2,466  linhs  would  be  subtracted  if  the  mean 
temperature  was  16°  abore  zero  (Fahrenheit). 

Jfofe  I.  If  the  above  line  had  been  measured  bj  a  Norway  pine  pole 
or  rod,  15  feet  long  (see  measuring  of  base  lines),  the  correction  would  only 
be  0,82  link,  nearly  eight  tenths  of  a  link  in  a  mile. 

^ote  2.  It  appears  from  tbis  table  that  there  is  no  sensible  or  praoti 
oal  benefit  to  be  derived  in  using  a  steel  chain,  in  reference  f  o  eipanaion 
or  contractioQ.  Howerer,  steel  chains  are  to  be  preferred,  as  Ihey  are 
not  liable  to  bend  like  the  iron  wire  chain. 
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TABLE  ni—To  Reduce  Linki  to  Feet.                      18T  | 
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Keduoe  9664  links  to  feet. 

Prom  the  bottom  table,  under  9000  at  top,  and  opposite  600  in  tbe 

iett  hand  column,  wa  find                                                 6336 

Opposite  6!l,  in  upper  table,  and  under  0  =                     42,24 

6378,24  feet 

a 


...Asiaa  Google 


leS     ■                   TABLE  IV.— ro  RcdMe  Feet  to  Links. 
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Length.     _      LongUi, 


Ezampb      GiTen  the  chord  =  12,16  feet,  and  the  height  3,48  faet, 
to  flnii  the  length  of  the  aro.     Here  b  =  3,48,  and  b  =  12,16, 


12,16 
«  correspondiDg 


tabular  height  =  ,2862  nearly. 


Tabular  a: 
Tabular  a 
difference  14  multiplied  by  ,2, 


Lorreaponding  to  287  =  1,2070 


=  14,66B5  feet  nearly. 


Length  of  the 

BliU  To  the  tabular  arc  correspanliug  to  the  first  three  figures, 
add  the  product  of  the  fourth  decimal,  if  any,  by  the  difference  of  the 
tabular  heights,  of  the  one  less  and  the  other  greater  than  the  given 
tabular  number.  The  sum  will  be  the  required  tabular  length  to  the 
nearest  ten  thousandth  part,  which  sum  multiplied  by  the  giien  chord, 
will  give  the  required  length. 

Example  2      Let  chord  I  =  40,20  feet,  and  height  h  =  5,16  feet, 
h        5  16 
Here-  = =  ,1277  =  tabular  height. 


,128  =  1,0481 
difference  =    ,0066,  multiplied  by  7  = 

Base  or  chord  =  40, 

The  required  length  of  the  curve  ^  41, i 


di  Google 
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.190864 

2554 

7 

6189 

9 

7785 

7307 

1776 

2971 

8 

5769 

.170 

8535 

8150 

2684 

8392 

9 

6381 

1 

0287 

8 

8996 

6 

8596 

8818 

.110 

7005 

2 

.000041 

4 

0841 

6 

4609 

4247 

1 

7682 

' 

0797 

5 

.140688 

7 

6422 

.050 

4681 

2 

8202 

1554 

1 

1537 

8 

6337 

6119 

3 

6 

2813 

2387 

9 

7252 

6561 

4 

9528 

6 

8074 

; 

8288 

.800 

8168 

6007 

5 

.060165 

7 

« 

4091 

1 

9086 

6457 

6 

0804 

I 

4601 

.24C 

4944 

.200008 

6911 

7 

1446 

8 

5866 

5799 

S 

0922 

7369 

8 

2090 

.18C 

6134 

' 

6666 

4 

1841 

7831 

9 

2786 

■ 

6903 

7612 

6 

2761 

8296 

.120 

8885 

' 

7674 

8371 

6 

8688 

8766 

1 

4036 

8447 

9230 

7 

4605 

.06( 

9239 

2 

4689 

i 

9221 

.160091 

8 

5637 

0716 

3 

6346 

9997 

0958 

6451 

; 

020196 

4 

6003 

100774 

1861 

m 

7876 

., ..^-^ 
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TABLE  VII  —AriOi  of  SigmenU  ef  a  Oirde  whoM  Diamiier  ii  Unity. 

Tab 

^I«Hg 

ght 

*™..eg. 

'ebt 

.».„, 

b'ebt 
497 

.™., 

To  find  the  Tab- 
ular Fmai 
Sine. 

"bii 

208<i0i 

l73 

267078 

436 

327882 

.889699 

9227 

4 

8045 

6 

.890699 

S 

210154 

5 

9018 

7 

.391699 

EuU.    Divide 

4 
6 
6 

1082 
2011 
2940 

6 
7 
8 

9982 

270961 

1B20 

8 

9 

440 

330858 
1850 
2848 

.500 

.392699 

Iheheiehtofthe 

giTen  segment  bj  the  diamB- 

i. 

7 

3871 

2890 

1 

8886 

terofthe  circle  ofwbich  it  is 

8 

4802 

380 

8861 

2 

It  Begment.    The  quotientwill 

9 

5733 
666(1 
7699 

2 

4832 
6803 

8 
4 

5822 
6816 

betherequiredtabulttrheight. 

1 

8 

6775 

5 

7810 

And  because  the  areas  of 

2 

8683 

4 

7748 

6 

8804 

circles  are  to  ope  another  as 

8 

94f)& 

5 

8721 

7 

9798 

the  squares  of  their  diameters, 

i 

220404 
1844 

7 

96'14 
280bb8 

8 
9 

840793 
1787 

multiply  the  tabular  areas  in 

6 

2277 

8 

1642 

460 

2782 

this  table  by  the  square  of  the 

7 

3215 

9 

2617 

1 

8777 

diameter  of  the  circle  of  which 

e 

9 
330 

4154 
5098 
603" 

390 

3692 
45b8 
5544 

2 
4 

4772 
5768 
6764 

a  segment  is  given.    The  pro- 
duct will  be  the  area  of  the 

1 

0974 

3 

6521 

5 

7769 

required  segment. 

2 

7915 

4 
5 

7498 
8476 

6 

7 

8755 
9752 

Example.   (Seefig.lT.)  Let 

4 

9801 

6 

9468 

8 

360748 

the  chord  A  B.=  42,  versed 

5 

230745 

7 

290432 

9 

1745 

sine  D  C  =  7. 

6 

1689 

8 

1411 

400 

2742 

7 

2634 

2890 

3739 

By  Euclid  III,  prop.  3  and 

8 

8680 

400 

2 

4736 

86,  the  diameter  cutg  the  chord 

S40 

452b 
5478 
6421 

1 
2 

4349 
6330 
6311 

4 
6 

6782 
6736 

7727 

of  the  arc  at  right  angles,  oon- 
eequently  making  the  rectan- 

2 

7369 

4 

7292 

6 

8729 

gle  contained  by  the  versed 

8 

8318 

5 

8273 

7 

9728 

Bine,  and  the  remaining  part 

4 
6 

6 

9268 

240218 

1169 

6 

7 
8 

9255 

800238 

1220 

8 

9 

.470 

.360721 
1719 

2717 

square  of  half  the  chord. 

7 

2121 

2203 

1 

37J6 

.-.  21^diridedfaj7  =  VD 

t) 

3074 
4026 

410 
1 

8187 
4171 

2 
3 

4413 
5712 

=  63;  therefore  the  diameter 

seo 

4980 

2 

6165 

4 

6710 

V  0  =  63  +  7  =  70,  and  7 

1 

5934 

6140 

6 

7709 

divided  by  70  =  ,100  =  tab- 

2 

4 

7126 

6 

8708 

ular  versed  sine,  whose  corres- 

8 
4 

7846 
8801 

6 
6 

8116 
9095 

8 

9707 
.370706 

ponding  area  =,040875,whicb 

5 

9757 

7 

.310081 

9 

1705 

6 

250710 

8 

106S 

.480 

2764 

the  diameter  =  4900,  gives 

7 
8 

1673 
2631 

9 
420 

2054 
3041 

1 
2 

8703 
4702 

theraquired  area  =200,2876. 

e 

35'>0 

4029 

8 

5702 

EzampU  2.     Let  the  tabu- 

860 

4650 

2 

6016 

4 

6702 

lar  versed  Bine  =  ,8456,  which 

1 

6610 

6004 

5 

770 

is  not  to  be  found  in  the  table. 

2 
3 
4 

6471 
7488 
8896 

4 

6 

6992 
7981 
8970 

6 
8 

870 

970t 

.38070C 

Tab.  versed  sine  346, 

area  segment  =  ,240218 
Tab.  versed  sine  347, 

area  segment  =  ,211169 

6 

6 

7 

9357 

260330 

1284 

7 
8 
9 

9959 

.320948 

1938 

9 

.490 

1 

169 
269 
369 

] 

g 

2248 

480 

! 

469 

As  10 :  951  : :  6 :  570,6,  near- 

» 

8218 

1 

8911 

5699  ly571,  .-.  .aiU^lB 

■ 

870 

4178 

2 

4909 

i 

(ifiiis         more        671 

& 

1 

6144 

8 

5900 

5 

7699                     ,240789  =  ths  w- 

i^ 

L 

6111 

' 

6892 

6 

8099  quired  urea  of  segment. 
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SuU.     Take  out  the  nreiis  correspondiDg  to  the  nearest  tabular 

Tersed  sine,— one  'greater  and  the  other  less  than  the  given  tabular 

versed  sine ;  take  the  difference  of  the  area  aegments  ;  multiply  this 

difference  by  the  fourth  decimal  figure  of  the  given  tabular  yeraed 

sine ;  cut  off  one  figure  to  the  right,  and  add  the  remainder  to  the 

lesser  area  segment.     The  sum  will  be  the  required  area  aegtaeot. 

-(See  the  last  eiample.) 

2fote.     When  the  tabular  Tersed  sine  ia  greater  than  ,500,  the  seg- 

ment is  greater  than  a  semicircle  ;  in  which  case  subtract  it  from  1, 

find  iba  area  seg.  of  the  difference,  which  take  from  ,785308.    Multi- 

ply this  difference  by  the  square  of  the  diameter.     The  produat  will 

be  the  required  area. 

Example.     Let  tabular  versed  sine  =  ,867,  and  let  60  =  diameter 

of  the  circle. 

From                                 1,000                            Area  circle  =  ,785398 

take  tabular  versed  sine  0,867 

Correct  area  of  segment                                                          =  ,723872  ■ 

Square  of  60  (the  diameter) 

=       8600 

Required  area  of  the  segment 

=  2604,089200 

TABLE  VIII.— ro  Reduce  Square  Feet  to  Acret.  and  Vice  Vtria.         | 

A.. 

Sq-  f«6t. 

11 

479160 

A^ 

8q.  fest. 

31 

Sq.  fMt. 

Ac«a. 

Sq.feet 

43560 

914760 

1350860 

41 

1785S60 

2 

87120 

12 

522720 

22 

958820 

32 

I393920 

42 

1829520 

S 

130680 

13 

566280 

23 

1001880 

33 

1437480 

43 

1873080 

i 

174240 

14 

60984') 

24 

1046440 

34 

14810*0 

44 

1916640 

6 

217800 

15 

653400 

25 

1089000 

1524600 

45 

1960200 

261360 

16 

696960 

26 

1132560 

36 

1668160 

46 

2003760 

7 

304920 

17 

740520 

27 

1176120 

87 

1611720 

47 

2047820 

348480 

18 

784080 

28 

1219680 

1666280 

48 

2090880 

9 

492040 

19 

827640 

1263240 

1698840 

49 

2134440 

10 

435600 

20 

871200 

30 

1306800 

40 

1742400 

50 

2178000 

oX 

—ism- 

-oT 

435,6 

0.001 

48.56 

).O001 

4.36 

0.00001 

0.44 

.2 

8712 

.02 

871.2 

.002 

87.12 

.0002 

8.71 

.00002 

0.87 

.3 

18068 

.03 

1306.8 

.003 

130,68 

.0003 

18.07 

.00003 

1.81 

.i 

17424 

.04 

1742.4 

-004 

174.24 

.0004 

17.42 

.00004 

1.74 

21780 

.05 

2178.0 

.005 

217.80 

.0005 

21.78 

.00006 

2.18 

'.( 

26186 

.06 

2613.6 

.006 

261.36 

.0006 

26.14 

.00006 

2.61 

.7 

80492 

.07 

3049.2 

,907 

304-92 

.0007 

80.49 

.00007 

S.06 

.8 

34843 

.08 

3484.8 

.008 

348.48 

.0008 

34.85 

.00003 

8.49 

0.9 

39204 

0,09 

3920.4 

0.009 

392.04 

0.0009 

39.20 

0.00009 

3.92 

Enmiplj.       Heanee     12834M  aquare  ftct  to  acra. 

From  the  Brat  part,           1263240  =  29 

—mm 

From  the  second  psrt,         17431  =  ,4 

smr 

2613,6  -  ,0a 

"168,4 

130,68  -  ,008 

WJ2 

84,86  =  ,0008 

'2;8T 

2  81  =  ,O0W« 

-0^-=  ,000006  nearly  i  .■-  29,48385  =  Answer. 

Thi.  example,  beluR  one  of  the  most  difflonlt  that  can  oconr,  is  euSoient  to 

ihowUie  application 

'S 
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TABLE  Villa.— iVop^rriM  ofPolygom  v>ho>t  Sid«i  are=Uni^,.  IItabl.  V1II6.1 1 

^  Nameofpolygo 

joljRon. 

tbeinscntfil 
circle. 

t^.'.tZ 

8   Trigon. 
4   Tetragon. 

0.4330127 

20,00,00 

60,00,00 

0.2886751 

1.732051 
1,414214 
1.175571 

1.0000000 
1.7204774 

90,00,00 
72,00,00 

08,00,00 

0  6881910 

2.5980762 

60,00,00 

8.633912; 

61,25,42| 

128,84,17- 

8  OotElgon. 

9  Nooagon. 

4.8284271 

45,00,00 

0,765367 

6.1818242 

40,00,00 

0.6S4040 

7.6942088 

36,00,00 

144,00,00 

0.618034 

9.3666404 

32,00,16,^ 

147,16,21 

0.563366 

12    Dodecagon. 

11.1961524 

80,00,00  '150.00,00 

TABLE  IX.— Properiw.  of  the  Five  Regular  Bodiee. 

SiieofiLpo 

Sids  of  rol7 

Slicrfapol. 

S 

eter-l. 

etei'  -  1, 

0,117851 

0.11785 

0.816497 

2.44948 

6.00000 

1.000001 

8,46410 

0.471401 

0.4714051  0,707101 

20.64572 

7.663!l: 

7-66311 

0.525731 

21     IcoBwdron.        8.66026 

2,1816951  2,1810961  0.3&682i!l  0.44aua  | 

TABLE  X.— To  Rtduee  Square  Unki  to  Acrei,  Roodt  and  Pirehet.      | 

Sq.  Unk. 

9875 

1.0 

100000 

fll> 

18125 

15 

625 

0.05 

31.25 
37.50 

VK 

17500 

14 

KVM 

0.1 

16875 

l« 

Ml  2ft 

0,2 

1'^ 

30 

11 

HH71 

10 

6251 

0.5 

hK'/. 

■>? 

18750 

K 

filKh 

0,7 

V 

437 

0.8 

600.0 

6 

Kth 

1^1 

11875 

ft 

HIV. 

0.01 

11250 

4 

2nii 

0,02 

31 

;-i 

1K7 

0.03 

18,75 

lOOOO 

2 

125 

0.04 

am^Ul.    Eeduce  4763286mjikB  to  1 

E,™«pl.2.     Eeduce  1763  aqUBte  links 

aires,  roods  and  perchea,                            1* 

perches. 

17  63m      A.  B. 

This  beiDg  less  than  26000,  shows  thai 

Cntoffalwaye  M,60000  =  47,2  -  21,268    t 
Ave  plBMS  io  -——              Amwer. 

ere  »re  no  roods  in  the  answer. 

1753  square  lints. 

21percbf8         =  13126 

2  perches           -  1260 

0^  perch          ^     126 

,8  perch              =    600 

0,06  perch        =      36, 
31,25 

005                      -       8,15 

Answer,  2,806  lurches. 

0,006pe«*      =        S.^^ 

t.dj  Google 


T  ABLE   %l.— Shoving  the  RcdueHon  on  Sack  Cham  of  100  Zmfa, 
10  tUduci  ffypoihenutal  to  Bate  or  Eoraonial  MeatuTfmmte  . 
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TABLE  Xn.— n  Reduce 

Sidertal  Time  to  Mean 

Solar  Time. 

TABLE  t    I  —To  Reduce  Mean  Solar 
T         0  Sidereal  Time. 

MlnnUK. 

■    Sownds. 

m 

H     re 

MJD. 

i^'i'dl!^ 

S 

Me»-,  tim.. 

'V" 

h   m 

1 

069.84 

i 

0-99 

0     98 

1 

10.16 

1 

1,00 

2 

1  59.67 

2 

1.99 

2  0     9 

2 

2  0.83 

2 

2.01 

8 

2  59  51 

3 

2.99 

0 

3 

3  0.49 

8 

8.01 

4 

a  69.35 

4 

3  98 

4 

4  0     94 

4 

4  0.66 

4 

4.01 

& 

4  69.18 

5 

4.98 

6 

5  0  49    8 

5 

5  0.82 

6 

5,01 

6 

5  69.02 

6 

5.98 

0 

b  0  6      4 

6 

6  0.99 

7 

6  58,85 

7 

7 

7         90 

7 

7  1,16 

7 

7.02 

8 

7  58.69 

8 

7.98 

8 

8         88 

8 

81.31 

8 

8.02 

g 

8  58.53 

9 

8.98 

9 

9         8 

9 

91,48 

9 

9.02 

10 

9  58.86 

10 

9.97 

10 

10       88  66 

10 

101.64 

10 

10.08 

11 

10  58.20 

11 

10.97 

1     1   48  4 

11 

11  1.81 

11.03 

U 

11  58.08 

12 

11.97 

2 

1         58-8 

12 

12  1.97 

12 

12,03 

13 

12  57.87 

18 

!2,97 

3 

8         8    3 

13 

13  2,14 

18.04 

14 

13  57.71 

14 

13.96 

4 

4  2  19 

14 

14  2.30 

14 

14.04 

16 

14  67,54 

16- 

14.96 

15 

15  2  8, .85 

16 

15  2.46 

16 

15.04 

16 

15  57.38 

16 

15.96 

16 

16  2  37.70 

16  3.63 

16.04 

17 

16  57.22 

17 

1«,95 

17 

17  2  47.56 

17 

17  2.79 

17 

17-06 

18 

17  57.05 

18 

17.95 

18 

18  2  67.42 

18 

18  2.96 

18.05 

19 

18  66.89 

19 

18.95 

19 

19  3     7.27 

19 

19  3.12 

19 

19.05 

20 

19  56.72 

20 

19.96 

20 

20  3  17.13 

20 

20  8.29 

20 

20.05 

21 

20  66.66 

21 

20.94 

21 

21  3  26.99 

21 

21  8.45 

21 

21.06 

22 

21  5.6.40 

21.94 

22 

22  8  38,84 

22  3.61 

22 

^!06 

28 

23 

22.94 

28 

23  8  46  70 

23 

23  3.78 

J4 

28  ^6.07 

21 
25 

23.93 
24.93 

24 

24   3   66.56 

24 
25 

24  3,94 

25  4.11 

24 
25 

24.07 
25.07 

2S 

24  56.90 

26 

25  55.74 

26 

25.93 

2S  4.27 

26 

26.07 

27 

26  55.58 

27 

27 

27  4.44 

27 

27.07 

28 

27  66.41 

28 

27^92 

28 

28  4  60 

28 

28.08 

29 

28  55.25 

29 

28.92 

29 

29  4.76 

29.08 

SO 

29  55.09 

30 

29.92 

TARI'S'  ■f  IT 

30 

30  4,93 

30 

80.08 

81 

30  54.92 

31 

30.92 

tmSnuai. 

31 

31  5.09 

81 

81.08 

32 
83 

31  54.76 

32  64.69 

32 

31,91 
32,91 

32 

32  6.26 
83  5.42 

32 

32.09 
83.09 

Hob™  of 

34 

33  54.43 

34 

33.91 

"time! 

iii«m  lime. 

34 

34  5.59 

84 

84.09 
36.10 

S5 

84  54.26 

35 

34.90 

35 

35  5,75 

35 

m 

86  64.10 

86 

36.90 

i 

0  59  50.17 

36 

36  5.91 

36.10 

9,'i 

36  53,94 

87 

36.90 

2 

1  59  40.84 

87 

87  6.08 

87 

87.10 

37  53.78 

37.90 

8 

2  59  30.51 

38  6.24 

38 

88.10 

B9 

38  63.61 

39 

38.89 

4 

3  59  20.68 

39 

39  6.41 

39.11 

10 

89  63,44 

40 

39.89 

5 

4  59  10.86 

40 

40  6.67 

40 

40.11 

41 

40  53.28 

41 

40,89 

6 

5  69    1.02 

41  6.74 

41 

41.11 

42 

41  53.12 

42 

41.89 

6  58  51.19 

42 

42  6.90 

42 

42.12 

48 

42  52  96 

48 

42.88 

8 

7  58  41.36 

43 

43  7.06 

43.12 

44 

43  62.79 

44 

43.88 

9 

8  58  S1.63 

44 

44  7.23 

44 

44.12 

46 

44  52.68 

46 

44  88 

10 

9  58  21.70 

46 

48  7.89 

46 

45.12 

48 

46  65.46 

46 

45.87 

11 

10  58  11.88 

46 

4*7,56 
477.72 

46.13 

47 

46  52.80 

47 

4^.87 

12 

1168   2.or 

47 

47 

47.13 

48 

47  62.14 

48 

37.87 

13 

12  57  52.22 

48  7.89 

48 

49,18 

49 

4851.97 

49 

48,87 

14 

13  57  42.39 

49 

49  8.05 

49 

49.13 

60 

49  51.81 

50 

49.86 

15 

14  67  82.56 

50 

60,8.21 

60 

50.14 

61 

50  61.66 

51 

50.86 

16 

15  67  22,73 

51 

51  8.38 

51 

51.14 

62 

61  61.48 

62 

61.86 

17 

16  57  12,90 

52 

52  8.54 

52 

52.14 

es 

52  61.32 

53 

62.80 

18 

17  67    3.07 

53 

53  8,71 

63 

68.15 

G4 

63  51,15 

64 

68,85 

19 

18  66  58.24 

54 

54  8.87 

54 

54.16 

66 

64  50.99 

55 

54,86 

20 

19  56  48.41 

55 

55  9.04 

65 

55.15 

56 

55  60  83 

56 

65.86 

21 

20  56  33.58 

56 

56  9.20 

56 

56.15 

57 

66  60,66 

57 

56.84 

22 

21  66  23.75 
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11.918 

0.975 

12.618 

1.004 

18.334 

1.032 

14.075 

1.060 

4 

13 

7.9080 

1.734 

8.3781 

1.784 

8.8515 

9.8481 

1,885 

5 

20 

5.8336 

2.710 

6,1766 

2.788 

6,5295 

2^867 

6.8922 

2,945 

— » 

28 

13573 

3.9u:i 

4,8573 

"40(15 

51348 

~4A2S 

5.4200 

4.24t 

7 

38 

3.7645 

5.311 

8.9859 

5.406 

4.2136 

5.019 

4,4477 

5.773 

8 

50 

6.937 

3,3712 

7.138 

3.6688 

7.889 

3.7617 

7.640 

9 

64 

2;7541 

8,777 

2.9161 

9.033 

8,0827 

9.287 

3.2639 

9.648 

10 

79 

2,4289 

10,839 

2,5665 

11.153 

2.7181 

11.467 

11,781 

TI 

— 53 

2.1li28 

13.114 

2,290U 

13.496 

2.48U9 

13.874 

■0353 

14.255 

12 

113 

1.9519 

15.608 

2,0662 

16.606 

2.1843 

16.512 

8066 

16:965 

13 

188 

7771 

18.315 

1.8816 

18.849 

1.9891 

19.379 

0990 

19.910 

14 

164 

6308 

21.242 

7267 

21.859 

1.8254 

22.474 

1.9266 

23.091 

^ 

177 

5064 

24.387 

6950 

25.098 

1.6802 

i5.799 

1.7798 

26.607 

^ 

201 

8995 

.17.746 

~48l8 

28.5^1 

"3664 

JOSi 

6534 

80.159 

17 

227 

3065 

81.324 

32.231 

4623 

38.140 

5486 

34,047 

18 

254 

2249 

35.116 

2976 

86.135 

8711 

37.161 

38,170 

19 

284 

1529 

39,125 

2207 

40.261 

2904 

41.395 

3621 

42.529 

43.854 

1628 

44.610 

2186 

45.866 

47.124 

— 

47:797 

49.184 

"1644 

50.569 

2185 

61,954 

52,458 

0372 

68.979 

0965 

55.498 

1674 

57,020 

57.835 

0.9876 

58.998 

1.0440 

60.659 

1020 

62.822 

62.429 

9425 

64,240 

0,9964 

66,049 

0517 

67.859 

67.740 

9014 

69.705 

9628 

71.668 

1.0068 

73.631 

787258 

8686 

T5.892 

9129 

77,616 

0.9686 

79.640 

79.011 

8289 

81.303 

8762 

88.598 

9249 

85.884 

-6 

87.974 

7968 

87,488 

8423 

89.900 

8891 

92.363 

91,151 

7671 

93,794 

8109 

96.435 

8560 

99.078 

97,546 

0,7395 

100.37 

0.7818 

103.20 

0,8262 

106,08 

104.16 

7139 

107.18 

7546 

TTOD 

"7966 

113.22 

110.99 

114,20 

7298 

117.42 

7698 

120.64 

118,08 

6675 

121.45 

7066 

124.87 

7448 

128.30 

9f 

125,29 
182.77 

6465 

128.93 
136.62 

6834 
6626 

132.56 
140.47 

7214 
6994 

136.19 
144.82 

14047 

6082 

144.64 

6480 

rsTsr 

6787 

162.69 

148.38 

5907 

152.68 

6246 

166.98 

6592 

101,28 

156.21 

5742 

161.04 

6070 

165.58 

0407 

170,12 

164.85 

169,63 

5906 

174,41 

6238 

179.19 

178,42 

5438 

178.44 

5748 

188.47 

6068 

188.50 

182:20 

5297 

187.48 

"6600 

192.76 

6911 

198,04 

48 

191,19 

6164 

196.73 

5469 

202.28 

6762 

207,82 

200.40 

6aS7 

206.21 

5325 

212.02 

5621 

217,83 

209,83 

4916 

215.92 

5197 

222.00 

5486 

328.08 

219,48 

0.4801 

225,84 

0.6076 

232.20 

0.5358 

—5 

— 

229.34 

4692 

235.99 

4969 

242:5? 

5235 

"24^ 

289.42 

4587 

216.36 

4849 

253,80 

5118 

260,24 

249.72 

4486 

256.96 

4743 

264.20 

5O06 

271.43 

260.28 

4390 

267.78 

4641 

275,32 

4899 

282.86 

64 

270,96 

4298 

278,82 

4544 

286,67 

4796 

294,53 

327.86 

8690 

387.37 

4112 

346.87 

4841 

"356:88 

390.19 

8553 

401.60 

3756 

412,81 

3904 

424.12 

457.98 

471.20 

3466 

484.48 

3648 

497.76 

84 

531.09 

3027 

546.48 

8200 

561.88 

'3378 

677,27 

609,67 

2819 

627.34 

2980 

645.01 

8146 

662,68 

02 

698.67 

2687 

718.77 

2788 

73T88 

2943 

763,9tf 

788,08 

2478 

805.78 

2619 

828.48 

2765 

851.18 

877.92 

2339 

903,87 

2470 

928.81 

2607 

954-28 

978.17 

2210 

1006,68 

2336 

1084.9 

2466 

1063,24 

00 

011088.9 

0.2097 

1115.27 

0  2217 

1146,7 

0.2340 

1178.12 

y  Google 


V  Google 


TABLE  XXXL—BKcharge  of  Water  through  Nae  Pipe*. 
Compiled  from  Henry  Darcy'e  French  Tables  of  1867. 

mOenttaetres. 

BEs: 

Hgtln 

Mseh'ge 

Hgt-in 

Discb-g« 

Hgl,in 

UfBch'ge 

Hgt,  l« 

Utech'ge 

ofBScfn. 

00  met 

00  met. 

00  met. 

00  met. 

0.01 

0.0001 

109.05 

"  0.187 

114.18 

~0Tl40 

110.31 

0.143 

124.62 

0.146 

2 

03 

34.939 

0.547 

86.563 

0.169 

38.225 

0.572 

39  924 

0.584 

9 

■07 

18.989 

1.230 

19.820 

1.258 

20.721 

1.287 

21.646 

1.316 

i 

13 

12.672 

2.187 

13,157 

2.237 

18.756 

2.287 

14.867 

2.887 

6 

20 

9,2741 

3.416 

9.7054 

3.495 

10.147 

3.574 

10.697 

8,852 

___ 

28 

7:29^ 

"OS) 

7.6324 

6.033 

7.9792 

5.146 

8.8338 

5,259 

7 

88 

5.9848 

6.696 

6.2081 

6.850 

6.5478 

7.004 

6.8387 

7.158 

8 

60 

5.0618 

8.747 

5.2972 

8,947 

6.5879 

9.149 

6.7840 

9.849 

64 

4.3784 

11.069 

4.5821 

11.328 

4.7903 

11.578 

5.0032 

10 

79 

3.8536 

13,665 

4.0327 

18.979 

4.2160 

14.294 

4,4034 

14.607 

95 

3.4886 

16.536 

"09g4 

16.916 

3.7619 

17.296 

3.9291 

17.676 

12 

113 

3.1024 

19.678 

3.2467 

20.130 

3.3943 

20.684 

3.6451 

21.035 

13 

183 

2.8252 

28.095 

2.9566 

23,625 

3.0909 

24.157 

8.2288 

24.687 

14 

154 

5926 

26.786 

2.7132 

27.400 

2,8865 

28.017 

2.9626 

28.682 

16 

177 

2.8949 

30,747 

2,5063 

31.455 

2.6201 

32,162 

7366 

82.867 

16 

201 

-2248 

34:953 

— S283 

3OS8 

4341 

36.591 

-5423 

37.896 

17 

227 

2.0770 

89.494 

1786 

40.402 

2724 

41.811 

8784 

42.218 

18 

254 

1.9474 

44  277 

2.0879 

46.215 

1306 

46.314 

2253 

47.251 

19 

284 

49.333 

1,9181 

50.467 

0053 

61.602 

0944 

52.787 

20 

314 

7309 

54.662 

8114 

65.920 

67.177 

1,9779 

58,434 

^1 

—846 

6396 

60.267 

~7l6g 

61.651 

7938 

68.038 

8785 

64.423 

22 

380 

5678 

66.142 

6298 

67.662 

7088 

69.184 

7796 

70.704 

23 

415 

4829 

72.293 

5519 

73.953 

6224 

75.617 

6649 

77.277 

24 

452 

4152 

78.716 

4810 

80.525 

5483 

82.356 

6171 

84.143 

25 

491 

3634 

86.412 

4168 

87.376 

4807 

89.840 

5466 

91.302 

~Jb 

~531 

2967 

92-382 

-8570 

94.604 

4186 

96.630 

4817 

98.762 

27 

578 

2445 

9B.623 

3024 

101.92 

3616 

104.21 

4221 

106.50 

2« 

616 

1964 

107,14 

2620 

109.60 

8089 

112.07 

3671 

114.53 

29 

661 

1518 

114.93 

2083 

117.67 

2601 

120.22 

8161 

30 

O707 

1.1104 

122.99 

1.1620 

125.82 

1.2148 

128.65 

131.48 

31 

~"756 

0718 

181.33 

1217 

134.85 

-1727 

137.37 

-22r8 

140.39 

i2 

804 

0359 

139.94 

0841 

143.15 

1833 

146.37 

1887 

149.59 

38 

855 

0023 

149.82 

0489 

152.24 

0965 

155.67 

1452 

159.09 

84 

908 

0.9707 

167.98 

1.0159 

161.61 

0620 

165.24 

1092 

168,87 

35 

962 

94il 

167.41 

0.9849 

171.26 

1.0296 

175.11 

0754 

178.95 

-lb 

1018 

9182 

TtOi 

9557 

181.18 

0.9991 

TSTas 

0435 

189.33 

87 

1076 

8870 

187.09 

9282 

191.39 

9704 

195.69 

1.0185 

199.99 

1134 

8622 

197.84 

9022 

201.87 

9432 

206.41 

0.9852 

210.95 

at 

1195 

8387 

207.86 

8777 

212.64 

9176 

217.42 

9584 

222,19 

_40 

1267 

8165 

218.66 

8544 

228.68 

8988 

228.71 

9330 

233.74 

n20 

-7953 

229.73 

8324 

235.01 

8702 

240.29 

"9089 

246757 

4i 

1885 

7764 

241.07 

8114 

246.61 

8483 

252.15 

8860 

257.09 

43 

1452 

7668 

252.68 

7915 

258.49 

8275 

264.30 

8642 

270.11 

44 

1521 

7882 

264.57 

7725 

270.61 

8076 

276.74 

8485 

282,82 

45 

1590 

0.7209 

276.74 

0,7544 

0.7887 

289.46 

0.8238 

295.82 

46 

1662 

7044 

289X- 

7872 

29O2 

7707 

802.47 

8940 

809.11 

47 

1735 

301.88 

7207 

808.82 

7584 

315.76 

7869 

822.70 

48 

18K 

6736 

314,86 

7049 

322.10 

7870 

329.34 

7697 

336.58 

49 

188 

6592 

328.12 

335.66 

7212 

343,21 

7582 

850.76 

50 

196 

G453 

341.65 

6754 

349  50 

7060 

857.3b 

7374 

366.21 

~S5 

^37" 

5841 

liOa 

6113 

422:90 

6390 

432. 4C 

6674 

44r90 

60 

2827 

5334 

491.9 

5682 

503.29 

5836 

514.69 

6096 

625,90 

65 

331 

4909 

577.8« 

5137 

590.66 

5370 

608.94 

5609 

617.21 

70 

384f 

4546 

4757 

685.08 

4978 

700,42 

6194 

715.81 

75 

441 

4233 

768^7 

4429 

786.88 

4681 

804.06 

4887 

821.73 

-M 

502 

8960 

874.62 

4144 

894.73 

-4333 

914.83 

4525 

984,94 

85 

667 

3720 

987.3 

3898 

loio.n 

4070 

1033.(1 

4251 

1055.0 

90 

eSB' 

8508 

1107.(1 

8671 

1132.0 

3888 

1168.0 

4008 

1203.0 

05 

708 

8318 

1233. 

8472 

1262.0 

8631 

1290,(1 

3792 

1318.0 

10 

0.785 

0.8148 

1367.C 

O.3295I  1898,0 

0.8445>  1429.1] 

0.85981 1461.0 

di  Google 


TABLE  XXXl.  —  DUcharge  of  Wati^  through  Neu, 

Pip.. 

Compiled  from  He 

DryDarcy'sFrB 

ch  Tables  of  IS57. 

194Ceiittm»tre»- 

■m  CB.,Iln.etr«. 

2aoc™iin,ti«, 

,RS 

M^ 

i)o^m« 

"n'u^ 

IDO  mat. 

umrL 

.Kuruti 

,Kt. 

Wsch'ge 

130.03 

0.149 

135.56 

0.152 

144,08 

0.157 

158.86 

0.165 

174.34 

0.178 

41.659 

0.697 

48.432 

fl.609 

46.160 

0.628 

60.89] 

0.660 

55.8^4 

0.691 

22.682 

1.348 

23.543 

1,372 

26.022 

1.414 

27.587 

1.484 

80.277 

1.555 

34.981 

2.888 

16.628 

2.488 

lfi.610 

2.618 

18.313 

2.639 

2.766 

11.058 

M.73I 

11.629 

3.809 

12.258 

3.927 

13.509 

4.123 

14.826 

4.320 

-8:696 

5.372 

"9:066 

6.486 

9.686 

Tm. 

10.628 

"5:555 

11.659 

-020 

7.136 

7.812 

7.440 

7.466 

7.907 

7  697 

8.717 

8.082 

9.567 

8.446 

6.086 

9,551 

6.292 

9.751 

6.687 

10.063 

7.873 

10.566 

8.092 

11.068 

6.221 

12,087 

6.448 

12.84] 

6.785 

12.723 

6.878 

18.861 

6.999 

18.996 

4.595 

14.923 

4.790 

15.285 

6.091 

16.708 

5.ei3 

16.493 

6.160 

17.279 

"TToO 

18,05G 

4.274 

15:436 

643 

19.007 

5.009 

19.957 

-5:497 

20907 

3.699 

21.489 

3.857 

21.940 

099 

22.620 

4.519 

23.761 

4.960 

24.881 

309 

25.219 

512 

25.749 

3.788 

26.547 

4.115 

27.874 

516 

29.201 

091 

20.248 

229 

28.864 

426 

80.788 

8.776 

82.327 

145 

33.866 

2.856 

83.576 

2.9771 

34.283 

3.164 

85.848 

488 

87.110 

8.829 

38.877 

^"663 

38.208 

766 

39.004 

2.989 

40.212 

—241 

42.223 

557 

44.284 

477 

43.126 

44.084 

744 

46.396 

025 

47.666 

320 

49.936 

S22 

48.849 

421 

49.367 

573 

50.894 

2.887 

53.430 

113 

185 

68.8ri 

278 

55.006 

422 

56.706 

670 

59.541 

2.930 

62.876 

064 

59.690 

161 

60.946 

287 

62.832 

521 

66.974 

767 

69.115 

1.955 

65.809 

038 

67.195 

166 

69.272 

^888 

72.73ti 

621 

76.200 

72.226 

1.986 

73.746 

058 

76.027 

268 

79.828 

490 

83.629 

768 

78.941 

843 

80.601 

1.959 

83.095 

160 

87.250 

371 

91.405 

687 

85,954 

759 

87.768 

870 

90.478 

061 

95.002 

262 

614 

98.26b 

95.280 

788 

98.176 

1.971 

108.08 

164 

107.99 

—m, 

100,88 

—612 

lOTOO 

^713 

106.16 

— 889 

111.5( 

078 

116.81 

484 

108.79 

547 

111.08 

644 

114.51 

813 

120.24 

1.990 

126.96 

427 

116.99 

487 

119.46 

581 

128.16 

743 

129.81 

918 

135.47 

878 

125.50 

482 

128.14 

522 

132.10 

678 

138.71 

841 

146.S2 

1.324 

134.30 

1.3803 

187.13 

1.467 

141.37 

1.617 

148.44 

1.775 

156.51 

^^78 

148.41 

332 

146.42 

—416 

160.95 

— M 

158.50 

— 711 

166.06 

285 

152.81 

166.02 

861 

160,85 

509 

J  68. 89 

666 

176.94 

195 

162.51 

246 

166.93 

32^ 

171.06 

460 

179.61 

602 

188.17 

158 

172.51 

207 

176.14 

181.68 

414 

190.60 

552 

199.74 

122 

182.80 

170 

186.66 

243 

102.42 

871 

202.04 

605 

211,67 

—089 

193.40 

^135 

197.47 

— 207 

203.58 

880 

218.75 

—460 

223.98 

058 

204.29 

108 

208.6i 

172 

216.04 

292 

225.80 

418 

286.65 

028 

215.48 

072 

139 

226.82 

256 

238.17 

378 

249.51 

000 

226.97 

043 

23l!75 

108 

238.92 

222 

250.87 

341 

262.81 

0.974 

238.76 

015 

248.79 

079 

281.38 

189 

268,89 

805 

276.46 

""Tig 

250.85 

0.989 

256.11 

051 

264.05 

159 

277,26 

272 

290.46 

925 

268.24 

964 

024 

277.09 

129 

290.95 

240 

304.80 

902 

276.92 

940 

28L78 

0.990 

290.44 

102 

304.96 

209 

819.49 

288.90 

918 

294.98 

976 

804.11 

076 

319.31 

180 

834.62 

0.860 

302.18 

0.896 

308.54 

0.963 

818.09 

1.060 

333.99 

1.153 

349.89 

940 

316.76 

~Ti76 

322.41 

921 

332.38 

—026 

349.00 

^T26 

36rS2 

821 

829.64 

850 

886.58 

910 

346.99 

003 

864.34 

101 

381.69 

843.82 

887 

851.05 

890 

361.91 

0.981 

380.01 

077 

398.10 

786 

868.29 

819 

865,84 

871 

877.15 

961 

396.01 

054 

414.87 

769 

378.07 

802 

380.92 

868 

892,70 

940 

412.84 

032 

431.97 

451.41 

—726 

460.91 

772 

i75j7 

851 

498.92 

0.934 

522.68 

636 

637.21 

663 

548.62 

706 

565.29 

777 

593,76 

622.04 

685 

630.48 

610 

643.76 

749 

663.66 

716 

696.85 

785 

730.08 

642 

731.21 

565 

746.60 

607 

?69.69 

662 

808.18 

727 

846.66 

505 

839.40 

626 

867.07 

659 

883.58 

617 

927.76 

677 

971,98 

~-472 

955705 

492 

975.15 

628 

1005.0 

677 

1056:^ 

—633 

uMa 

444 

1078.0 

462 

1101.0 

492 

1165.0 

542 

1192.0 

596 

1248.0 

418 

1209.0 

436 

1234.0 

463 

1272.0 

511 

1886.0 

561 

1400.0 

396 

1347.0 

412 

1375.0 

488 

1478.0 

488 

1489,0 

531 

1569.0 

0.376 

1492.0 

0.3914 

1624.0 

0.4I6I1571.0 

0.469 

1649.0 

0.508 

1728,0 

V  Google 


